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Foreword 


Each of the authors of the single volume ThiemeAtlas ofAnatomy was im- 
pressed with the extraordinary detail, accuracy, and beauty of the illus- 
trations that were created for the Thieme three-volume series of anat- 
omy atlases. We felt these images were one of the most significant ad- 
ditions to anatomic education in the past 50 years. The effective peda- 
gogical approach of this series, with two-page learning units that com- 
bined the outstanding illustrations and captions that emphasized the 
functional and clinical significance of structures, coupled with the nu- 
merous tables sum-marizing key information, was unique. We also felt 
that the overall organization of each region, with structures presented 
first systemically—musculoskeletal, vascular, and nervous—and then 
topographically, supported classroom learning and active dissection in 
the laboratory. 

This series combines the best of a clinically oriented text and an atlas. 
Its detail and pedagogical presentation make it a complete support for 
classroom and laboratory instruction and a reference for life in all the 


medical, dental and allied health fields. Each of the volumes— General 
Anatomyand Musculoskeletal System, InternaI Organs, and Head, Neck, and 
Neuroanatomy— can also be used as a stand-alone text/atlas for an in- 
depth study of systems often involved in the allied health/medical spe- 
cialty fields. 

We were delighted when Thieme asked us to work with them to cre¬ 
ate a single-volume atlas from this groundbreaking series, and we owe 
a great debt to the authors and illustrators of this series in as much as 
their materials and Vision formed the general framework for the single 
volume Thieme Atlas ofAnatomy. 

We thank the authors and illustrators for this very special contribution 
to the teaching of anatomy and recommend it for thorough mastery of 
anatomy and its clinically functional importance in all fields of health 
care-related specialties. 

Lawrence M. Ross, Brian R. MacPherson, and Anne M. Gilroy 
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Preface to the Second Edition 


Gain new insights with the help of the Thieme Atlas ofAnatomyl 

In recent years, the combination of theoretical and clinical knowledge 
has taken on an increasingly important role in medical education and 
training. The Thieme Atlas of Anatomy has always been cognizant of 
these changes by including references in legends, adding select illus- 
trations and creating new units wholly devoted to a particular clinically 
relevant topic. 

The close relationship between classic and clinical anatomy does not 
only manifest itself in medical students gaining experience in clinical 
work early on in their studies. On the contrary, research in clinical anat¬ 
omy often influences classic anatomy and in turn becomes a part of 
medical education. 

One such example is the findings of decades-long clinical research con- 
ducted by colleagues in the Urology Clinic of the University of Leipzig. 
Among other topics, the urologists in Leipzig have researched how to 
protect structures important for urine continence during pelvic surger- 
ies, such as radical prostatectomies. This procedure, despite preserving 
the sphincter and its innervation, often results in postoperative urinary 
incontinence. The team, led by Professor Jens-Uwe Stolzenburg and Dr. 
Thilo Schwalenberg, searched for the causes of this phenomenon and 
discovered that, as a resuit of surgery to remove the prostate, the lo- 
cation of the sphincter may change or musculo-fibrous structures that 


anchor the neck of the bladder and the urethral sphincter to the pelvic 
floor, may get damaged. The teanVs research has shown that preserving 
these musculo-fibrous structures during prostatectomy significantly re¬ 
duces the risk of postoperative urinary incontinence. 

The colleagues in Leipzig deserve great credit for recognizing these re- 
lationships and for discovering that significantly more structures than 
"only" the sphincter and its innervation are involved in micturition and 
continence. It is thanks to the teanVs research in clinical anatomy that 
we today have a better understanding of the complex continence mech- 
anism, which we are now able to share with medical students. This vol- 
ume about the internal organs has been revised to include these latest 
findings. 

We would like to take this opportunity to explicitly thank our readers 
for their feedback and to encourage them to keep sending us their com- 
ments and remarks. The Thieme Atlas of Anatomy will continue to give 
you the support you need! 

We wish you success studying with the Thieme Atlas ofAnatomyl 

Michael Schuenke, Erik Schulte, Udo Schumacher, 
Markus Voll, and Karl Wesker 
Kiel, Mainz, Hamburg, Munich, and Berlin 
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Preface to the First Edition 


When Thieme started planning this atlas, they sought the opini- 
ons of students and instructors in both the United States and Europe 
on what constituted an “ideal” atlas of anatomy—ideal to learn from, 
to master extensive amounts of information while on a busy class 
sched-ule, and, in the process, to acquire sound, up-to-date know- 
ledge. The resuit of our work in response to what Thieme learned is this 
atlas. The Thieme Atlas of Anatomy, unlike most other atlases, is a com¬ 
prehensive educational tool that combines illustrations with explana- 
tory text and summary tables, introducing clinical applications throug- 
hout, and presenting anatomic concepts in a step-by-step sequence 
that includes system-by-system and topographical views. 

Because the Thieme Atlas of Anatomy is based on a fresh approach to the 
underlying subject matter, it was necessary to create an entirely new set 
of illustrations for it—a task that took eight years. Our goal was to pro¬ 


vide illustrations that would compellingly demonstrate anatomic rela- 
tions and concepts, revealing the underlying simplicity of human ana¬ 
tomy without sacrificing detail or aesthetics. 

With the Thieme Atlas of Anatomy, it was our intention to create an 
atlas that would guide students in their initial study of anatomy, 
stimulate their enthusiasm for this intriguing and vitally important sub¬ 
ject, and provide a reliable reference for experienced students and pro- 
fessionals alike. 

“Ifyou want to attain the possible, you must attempt the impossible ” 
(Rabindranath Tagore). 

Michael Schuenke, Eril< Schulte, Udo Schumacher, 
Markus Voll, and Karl Wesker 
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A Note on the Use of Latin Terminology 


To introduce the Latin nomenclature into an English textbook is a 
delicate task, particularly because many Latin loanwords have passed 
into general use. Some loanwords are so common that fluency 
of the text would be disturbed if they were to be translated back 
into Latin. These Latin loanwords have typically undergone several 
adaptations before becoming part of the English language. A term 
such as sympathetic trunk (lat. truncus sympoticus) has undergone 
morphological adaptation (through the loss of masculine suffix -us), 
orthographical adaptation (through the substitution of a 'Germanic' k 
for a Latin c), and phonological adaptation (th and e instead of t and /). In 
addition, the word order has been reversed. The Latin term sympoticus 
is in fact borrowed from the late Greek word sympothetikos (from 
sympothes "having a fellow feeling, affected by like feelings"), thereby 
illustrating that terms move between languages when cultures meet. 


Other anatomical terms are so colloquial (e.g., hond), that a Latin term 
(e.g., manus ) would be inappropriate to use at all occasions. Clearly, the 
text would easily become unreadable if a striet translation of all English 
terms into Latin were imposed. 

As a resuit, Latin has been used as long as it does not disrupt the flow 
of the text and whenever possible in figures and tables. In some cases, 
dual terminology has been used, with either the English or Latin word 
in parenthesis. As much as possible, the terminology of Terminologia 
Anatomico (1998) has been followed. 

Hugo Zeberg, M.D., Ph.D. 

Lecturer 
Karolinska Institutet 
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Structure and Development of Organ Systems 


7. Body Cavities 


1.1 Definitioris, OverView, and Evolution of Body Cavities 


Definitions 

The human body, similar to all higher organisms, is organized into a 

hierarchy of different levels: 

• A cell is the smallest unit of life, that in principle can survive on its 
own. 

• A tissue consists primarily of cells from the same origin, and the 
extracellular matrix they form. A tissue is an ensemble of cells, orga¬ 
nized to do a specific job. 


• An organ is a structural unit composed of different tissues. Thus, it 
combines the functions of the various tissue components. 

• An organ system is made up of organs that function together to 
perform a specific function. For example, the digestive organs make 
up the digestive system. For the most part, the individual organs are 
related to each other morphologically. 

• An organism is composed of several organ systems. 


A OverView of the internal 
organs of the human body 

Anterior view ofthe human body, 
displaying the internal organs. 
For clarity, the nervous system 
and most ofthe intestinum tenue 
and endocrine organs are not 
shown. 


Flepar 
Vesica biliaris 


Colon transversum 

Jejunum 
Colon ascendens 
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Caecum 
Appendix vermiformis 

Ductus deferens dexter 

Epididymis dexter 

Testis dexter 


Gl. thyroidea 


Trachea 


Pulmo sinister 



Colon sigmoideum 

Rectum 
Vesica urinaria 
Prostata 

Urethra masculina 
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B OverView of organ systems 

Since, by definitiori, every structural unit composed of different tissues 
is referred to as an organ (according to this definition, every muscle is 
an organ), the term is commonly used for structures in the cranium, 
neck, and body cavities. The organs situated inside the body cavities 
are referred to as internal organs or viscera. This atlas is a study aid for 
learning gross anatomy. Thus, the individual organs are discussed with 
respect to their topography. However, since groups of individual or¬ 
gans form morphological and functional systems, which due to evolu- 
tionary processes don’t conform to topographical anatomy, those organ 
systems along with their embryology will be discussed first. This Over¬ 
View will aid in understanding the location, shape and function of the 
internal organs in the developing organism. 

Note: Peripheral nerves, bone marrow, and blood are usually not referred 
to as “organs.” For the sake of completeness, they will also be discussed 
since they are part of whole organ systems. 

* Organs that are highlighted in italics are located in the neck or cra¬ 
nium and thus will not be discussed here. 


System 

Organs* 

Systema 

digestorium 

Cavitas oris with dentes and gll. salivariae, pharynx, 
oesophagus, stomach (gaster), intestinum tenue, in¬ 
testinum crassum, rectum, pancreas, liver (hepar), 
and vesica fellea 

Systema 

respiratorium 

Cavitas nasi and sinus paranasales, larynx, trachea, 
pulmones 

Systema 

urinarium 

Kidneys (renes), ureteres, vesica urinaria, urethra 

Systema 

genitale 

? Uterus, tubae uterinae (salpinges), ovarium, 
vagina, gll. vestibulares majores 


d' Testes, epididymis, ductus deferens, vesiculae 
seminales, prostata, gl. bulbourethralis 

Systema 

cardiovasculare 

Heart (cor), vessels, blood, and medulla ossium rubra 

Systema 

lymphoideum 

Medulla ossium, tonsillae, thymus, splen, nodi 
lymphoidei, ductus thoracicus 

Systema 

endocrinum 

C/. thyroidea, gll. parathyroideae, gll. suprarenales 
(adrenal), paraganglia, pancreas (islet cells), ovaria, 
testes, hypophysis, hypothalamus 

Systema 

nervosum 

Encephalon, medulla spinalis, systema nervosum 
periphericum (with somatic and autonomic 
components) 


Single 

common cavity 




C Evolution of body cavities 

While in fish (a) all internal organs are situ¬ 
ated in a single common body cavity, in mam- 
mals (b), the diaphragma separates the cavi¬ 
tas thoracica from the cavitas abdominis. Due 
to shared evolutionary history, the structures 
of these two body cavities are basically iden- 
tical. The different anatomical terms used for 
similar structures (e.g., pleura - peritoneum) 
are functionally meaningless. In mammals, 
there is no physical structure that separates 
the cavitas abdominis from the cavitas pelvis. 
They form a continuous space that in terms of 
its topographical anatomy is divided only by 
the superior border of the bony pelvis. The an¬ 
atomical unit of the cavitates abdominis and 
pelvis is of clinical significance as there are no 
anatomical barriers to restrict the spread of 
inflammation or tumors between these two 
compartments. The diaphragma acts as a 
barrier to stop tumors or inflammation from 
spreading from the cavitas abdominis to the 
cavitas thoracica and vice versa. 
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1.2 Organogenesis and the Development of Body Cavities 


A Differentiation of the germ layers (after Christ and Wachtler) 

After the formation of the trilaminar discus embryonicus at the end of the third week (see B) the pri¬ 
mordia (precursor cells destined to become a specific tissue or organ) of the different tissues and or- 
gans are arranged according to the body plan. In the subsequent embryonic period (weeks 4 to 8), 
the three germ layers (ectoderma, mesoderma, and endoderma) give rise to all major external and 
internal organs (organogenesis). At the same time, the trilaminar discus embryonicus begins to fold, 
resulting in major changes in body form and internal structure. By the end of the embryonic stage, 
the major features of the body are recognizable and the organs have moved into their eventual posi- 
tion within and outside of the body cavities. 


Cranial 


Cut edge 
of amnion 

Plane of 
section in b 



Primitive node 
with sulcus 
primitivus 

a Caudal 



Lamina neuralis 

Sulcus neuralis 

Plicae neurales 

Linea 

primitiva 



Tubus neuralis 

Encephalon, retina, medulla spinalis 

fD 

E 

Crista 

neuralis 

Crista neuralis cranialis 

Ganglia sensoria and parasympathica, pars enterica systematis 
nervosi, thyrocyti C, textus muscularis levis, pigment cells, 
glomus caroticum, bone, cartilage, connective tissue, 
dentinum and cementum of the teeth, dermis, and tela 
subcutanea of the head 

i— 

01 

-O 

o 

4-1 

u 

LU 


Crista neuralis truncalis 

Ganglia sensoria and autonomica, gliocyti peripherici, medulla 
suprarenalis, melanocyti, intramural plexuses 



Ectodermal placodesae 

Adenohypophysis, ganglia sensoria nervorum cranialium, 
epithelium olfactorium, auris interna, lens 


Surface 

ectoderma 


Enamelum of the teeth, epithelium cavitatis oris, gll. salivariae, 
cavitates nasi, sinus paranasales, lacrimal passages, porus 
acusticus externus, epidermis, hair, nails, cutaneous glands 


Axial 

Notochorda, prechordal 
mesoderma 

Musculi externi bulbi oculi 

fD 

C 

Paraxiale 


Columna vertebralis, costae, textus muscularis striatus, 
connective tissue, dermis and subcutis of the back and part of 
the head, smooth muscle, blood vessels 

C 

I— 

(U 

-o 

Mesenchyma intermedium 

Renes (kidneys), gonada, renal and genital excretory ducts 

O 

1/1 

d) 

Meso¬ 

Visceral (mesenchyma 
splanchnopleurale) 

Cor (heart), vasa sanguinea, textus muscularis levis, bowel 
wall, blood, cortex suprarenalis, tunica serosa pleurae visceralis 


derma 

laminae 

lateralis 

Parietal (mesenchyma 
somatopleurale) 

Sternum, limbs (cartilage, bones, and ligaments), dermis and 
tela subcutanea of the anterolateral body wall, textus 
muscularis levis, connective tissue, tunica serosa pleurae 
parietalis 

Endoderma 

Epithelium of the bowel, respiratory tract, digestive glands, gll. 
pharyngeales, tuba auditiva, cavitas tympani, vesica urinaria, 
thymus, gll. parathyroideae, gl. thyroidea 


B Neurulation and Somitus Formation (after Sadler) 

a, c, and e Dorsal views of the discus embryonicus after removal of the amnion; 

b, d, and f Schematic cross-sections of the corresponding stages at the planes of section as 
marked in a, c, and e; Age is in postovulatory days. 

During neurulation (formation of the tubus neuralis from the lamina neuralis), the neurectoderma 
differentiates from the surface ectoderma, due to inductive influences from the notochorda, and 
the tubus neuralis and crista neuralis cells move inside the embryo. 

a and b Discus embryonicus at 19 days: The sulcus neuralis is developing in the area of the lamina 
neuralis. 

c and d Discus embryonicus at 20 days: In the mesoderma paraxiale, flanking both sides of the 
sulcus neuralis and notochorda, the first somiti have formed (they contain cellular material as- 
signed to form the columna vertebralis, muscles, and subcutaneous tissue). Immediately lateral 
to the mesoderma paraxiale is the mesenchyma intermedium, and lateral to that is the meso¬ 
derma laminae lateralis. The sulcus neuralis is beginning to close to form the tubus neuralis and 
the embryo begins to fold. 

e and f Discus embryonicus at 22 days: Eight pairs of somiti are seen flanking the partially closed 
tubus neuralis which is sinking below the ectoderma. In the mesoderma laminae lateralis, the 
coeloma intraembryonicum, or future body cavity, arises. It will later develop both a parietal and 
a visceral layer (somatopleure and splanchnopleure). On the side facing the coeloma, a meso- 
thelial lining develops from the somato- and splanchnopleure. It later forms the tunicae serosae 
lining the cavitates pericardiaca, pleurali, and peritonealis. The tubus neuralis migrates deeper 
into the mesoderma, and the somiti differentiate into sclerotomus, myotomus, and dermatome. 


Plicae neurales Sulcus neuralis 
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amniotica 

Mesoderma 
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Aorta 
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Cut edge 
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Site of fusion of 
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Future canalis 
digestorius 
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lateralis 

Saccus 
vitellinus 


Amnion 



Cranial 


Sulcus 

neuralis 

Somiti 

Mesenchyma 

somato- 

pleurale 

Mesenchyma 

splanchno- 

pleurale 


Cut edge 
of amnion 

Plane of 
section in f 

Closure of 
tubus neuralis 



Caudal 


Primordium 
cordis 
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Plicae 
neurales 
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Crista neuralis 

Tubus neuralis 
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digestorius 
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Pair of 
somiti 
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(future body 
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Chorion frondosum (embryonic 
portion of the placenta) 


Extraembryonic mesoderma 
of the cavitas amniotica 


Horseshoe-shaped intra- 
embryonic coelomic canal 



Cavitas chorionica 
Chorion laeve (coeloma extraembryonicum) 


Pedunculus 

connectans 

primordialis 

Intra- 
embryonic 
coelomic canal 


Coelomic 
porta I 

b 


Plane of 
section in b 


Wall of 
cavitas 
amniotica 


Wall of 
saccus 
vitellinus 



Discus 

embryonicus 


Mesenchyma 

somatopleurale 


Mesenchyma 

splanchno- 

pleurale 


Saccus 

vitellinus 


Cavitas amniotica 


Extraembryonic mesoderma 
of the saccus vitellinus 



C Formation of the coeloma intraembryonicum (after Waldeyer) 
a View into the chorionic cavity (coeloma extraembryonicum); b Cut 
through the cavitas amniotica, discus embryonicus and saccus vitelli¬ 
nus (the cavitas chorionica has been removed); c View of the discus em¬ 
bryonicus (the intraembryonic coelomic canal has been highlighted in red). 
The eventual definitive serous cavities (cavitates pericardiaca, pleura¬ 
lis, and peritonealis) arise from the coeloma intraembryonicum which 
begins to form in week 4 when intercellular clefts (not shown) appear 
in the mesoderma laminae lateralis (see B). The coeloma intraembry¬ 
onicum divides the mesoderma laminae lateralis into parietal and vis- 
ceral layers ( mesenchymoto somatopleurale and splanchnopleurale). At 
the edges of the discus embryonicus, the mesenchyma somatopleu¬ 
rale adjacent to the surface ectoderm is continuous with the extraem¬ 
bryonic mesoderma of the amnion. The mesenchyma splanchnopleu¬ 


rale adjacent to the endoderma is continuous with the extraembryonic 
mesoderma of the saccus vitellinus. Thus, the coeloma intraembryoni¬ 
cum surrounds the opening of the saccus vitellinus like a ring (the coelo¬ 
mic ring). In the cranial part of the embryo, the coelomic ring closes off 
from the coeloma extraembryonicum (cavitas chorionica) and forms a 
horseshoe shaped intraembryonic coelomic canal, which is visible when 
viewed from above. The caudal coelomata intra and extraembryonicum 
(see D) continue to communicate with one another through the coe¬ 
lomic portals. Later, as a resuit of embryonic folding, the caudal coelo¬ 
mata intra- and extraembryonicum become separated from each other. 
During the course of embryonic development, the coeloma intraembry¬ 
onicum compartmentalizes with the cavitas pericardiaca arising from 
the unpaired cranial part of the coeloma and the paired cavitates pleura¬ 
lis and peritonealis arising from the lateral limbs of the coelom. 


Craniocaudal folding 


Lateral folding 


Lamina neuralis Amnion 


Membrana 

oropharyngea 


a 



Cavitas 

amniotica 

Saccus 

vitellinus 


Cross-section of the cranial part of 
the intraembryonic coelomic canal 
(future cavitas pericardiaca) 



Ductus 

vitellointestinalis 

Praeenteron 


Metenteron 


Plica caudalis 
primordialis 

Pedunculus 

connectans 



Allantois 


cordis 

c Cavitas 


pericardiaca 



Canalis 

digestorius 

Coeloma intra¬ 
embryonicum 
(future cavitas 
peritonealis) 




f Saccus 
vitellinus 


Canalis 

digestorius 


Ductus vitello¬ 
intestinalis 
Transition from 
coeloma intra¬ 
embryonicum to 
coeloma extra¬ 
embryonicum 



g 


D Embryonic folding 

a-d Midsagittal sections; e-g Frontal sec- 
tions at the level of the saccus vitellinus. 
During folding the embryo is rapidly growing 
and it rises up from the surface of the origi- 
nal discus. The lamina neuralis grows rapidly 
and extends in both the cranial and caudal di- 
rections. As a resuit, the embryo curves upon 
itself (a-d). The formation of somiti causes a 
lateral expansion (lateral folding) of the em¬ 
bryo in the area above the saccus vitellinus (e- 
g). As a resuit, the intraembryonic coelomic 
canal shifts ventrally. Due to cranial folding 
(head fold), the cranial portion of the coeloma 
intraembryonicum moves ventral to the prae¬ 
enteron and broadens into the cavitas pericar¬ 
diaca. The folding of the caudal tail moves the 
pedunculus connectans (the future funiculus 
umbilicalis) and the allantois to the ventral as- 
pect of the embryo. While lateral folding oc- 
curs, the coeloma intraembryonicum progres- 
sively separates from the coelom extraembry¬ 
onicum. These processes resuit in the junction 
between embryonic endoderma (primitive ca¬ 
nalis digestorius) and saccus vitellinus (future 
pedunculus sacci vitellini) becoming increas- 
ingly narrow. At the same time, the left and 
right caudal parts of the coeloma intraembry¬ 
onicum merge with one another forming a sin- 
gle large cavitas coelomica, which is the future 
cavitas peritonealis (for position of cavitates 
pleurales see p. 6). 
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1.3 Compartmentalization of the Coeloma Intraembryonicum 
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Oesophagus 
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Left and right 
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Ductus 

vitellointestinalis 
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A OverView of the compartmentalization of the coeloma 
intraembryonicum (after Drews) 

Embryo at 4 weeks (viewed from left side). 

Due to cranial folding, the cranial portion of the coeloma intraembry¬ 
onicum moves ventral to the praeenteron and broadens into the cavi¬ 
tas pericardiaca. The cavitas pericardiaca flanking the canalis digesto¬ 
rius (gut tube) communicates with the caudally located cavitas perito¬ 
nealis through the canales pericardioperitoneales primordiales. The stili 
unfolded parts of the future cavitas peritonealis initially open laterally 
into the cavitas chorionica. The gemmae pulmonales, which push from 
the canalis digestorius into the canales pericardioperitoneales, grow 
into the future paired cavitates pleurales. Through the formation of par- 
titions, the pleural cavities separate from both the cavitas pericardiaca 
(membranae or plicae pleuropericardiacae) and the cavitas peritonea¬ 
lis (septum transversum and membranae or plicae pleuroperitoneales) 
(see B). In the frontal plane the plicae pleuropericardiacae originate on 
the craniolateral side of the two canales pericardioperitoneales primor¬ 
diales in the area surrounding the vv. cardinales communes. They fuse 
with the mesoderma located ventral to the canalis digestorius (the fu¬ 
ture oesophagus). The plicae pleuroperitoneales develop in the caudol- 
ateral wall of the canales pericardioperitoneales and, together with the 
mesooesophagum dorsale and the septum transversum, form the fu¬ 
ture diaphragma (see D). 


B Separatiori of the cavitas pericardiaca from the cavitates 
pleurales (after Sadler) 

Embryo at 5 weeks. Frontal section at the level of the future cavitas peri¬ 
cardiaca; for plane of section see A. 

In the 5th week, at the junction between the unpaired cavitas pericar¬ 
diaca and the two canales pericardioperitoneales, two thin mesoderm 
folds (plicae pleuropericardiacae), coming from the lateral direction, 
grow toward one another. They contain the trunks of the vv. cardina¬ 
les communes and the nn. phrenici. The cavitates pleurales form as a 
resuit of the gemmae pulmonales growing into the canales pleuroperi¬ 
toneales (see p. 26 development of the pulmones). In the course of fur- 
ther development, the cavitates pleurales further expand and become 
separate from the cavitas pericardiaca. The separation is complete once 
both of the plicae pleuropericardiacae have fused with the mesenchyma 
at the root of the lungs. The anterior vv. cardinales merge to form the v. 
cava superior; and the two plicae pleuropericardiacae give rise to the fu¬ 
ture pericardium fibrosum (see p. 14, development of the heart). 
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fibrosum 
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Left and right canales 
pleuroperitoneales primordiales 



Funiculus 
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Ductus vitello- 
intestinalis 
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C Separatiori of the cavitates pleurales 

from the cavitas peritonealis 

(after Sadler) 

After the cavitates pleurales have separated 
from the cavitas pericardiaca, they are stili 
temporarily connected to the cavitas perito¬ 
nealis through the canales pericardioperito- 
neales. They become completely sealed off by 
the end of the 7th week with the development 
of the diaphragma, which is formed from sev- 
eral different structures (see D). Faulty closure 
of the canales pericardioperitoneales can lead 
to a congenital hernia diaphragmatica (e.g., 
Bochdalek hernia) allowing abdominal viscera 
to enter into the cavitates pleurales. 


a 



Aorta 


Mesooeso- 
phageum dorsale 


Membrana 

pleuro- 

peritonealis 


Canalis 

pericardio- 

peritonealis 

primordialis 
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V. cava Septum Oesophagus 

inferior transversum 




Muscle fibers from body 
wall that grow into and 
form the muscular part 
of the diaphragm 


Left and right 
membranae pleuro¬ 
peritoneales 

Septum transversum 


Form the centrum 
>* tendineum of the 
diaphragma 


V. cava inferior 


D Development of the diaphragma 

(after Sadler) 

The diaphragma is derived from four different 
structures: 

• the septum transversum 

• the left and right plicae pleuroperitoneales 

• the mesooesophagum dorsale 

• body wall musculature 

In the 4th week the septum transversum de- 
velops as a thick mesenchymal piate in the 
area between the cavitas pericardiaca and pe¬ 
dunculus sacci vitellini. In the 6th week, the 
septum transversum moves caudally (a). The 
hepar (liver) forms in the ventral mesenterium 
directly below it. During further development, 
the septum transversum fuses with both of the 
plicae pleuroperitoneales and forms the future 
centrum tendineum (b). The mesooesophagum 
dorsale and the adjacent body wall muscula¬ 
ture give rise to the muscular part of the dia¬ 
phragma (c). 

Note: The nn. phrenici (C3, C4 and C5), lo- 
cated in the plicae pleuropericardiacae directly 
next to the trunks of the vv. cardinales com¬ 
munes, provide motor innervation to the dia¬ 
phragma. The textus muscularis striatus of the 
diaphragm (from somiti), as well as the sep¬ 
tum transversum, are originally from cervical 
regions. This explains why the nerve supply to 
the diaphragma (the nn. phrenici) comes from 
cervical medulla spinalis levels. 
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1.4 Organization and Architecture of Body Cavities 
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A Organization of the body cavities 

Midsagittal section, viewed from the left side. Three large body cavities 
can be identified. From from the top down they are as follows 

• Cavitas thoracica 

• Cavitas abdominis 

• Cavitas pelvis 


These body cavities are completely surrounded by parts of the body 
wall. The majority of the walls consists of muscle and connective tis- 
sue. In addition, the thorax is surrounded by costae, and the pelvis by 
the ossa coxae. At its upper end, the connective tissue space of the cavi¬ 
tas thoracica is continuous with the connective tissue space of the neck. 
The diaphragma pelvis muscles close off the apertura pelvis inferior. De- 
pending on their location in one of the three cavities, organs are re- 
ferred to as thoracic, abdominal or pelvic organs (see C). 


8 



































Structure and Development of Organ Systems 


7 . Body Cavities 


Columna vertebralis Aorta 
lumbalis abdominalis 
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peritonealis 


Peritoneum 
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B Structure of the body cavities 

Highly schematic cross-section of a human body; superior view. Every 

body cavity can be divided into two differently structured spaces: 

• A hollow space: A smooth, moist epithelial layer, the serous mem- 
brane or tunica serosa, lines the inner wall of the cavity and the ad¬ 
jacent outer wall of the organs. The portion of the tunica serosa that 
covers the organ is called the lamino visceralis (viscera refers to inter- 
nal organ). The portion lining the walls of the cavity is called the lam¬ 
ina parietalis (parietal refers to wall). The organs located in the cavity 
are movable. They are attached to the connective tissue space (see 
below) by a connective tissue bridge covered by a serous membrane 
(a mesenterium). 

• A connective tissue space within which run the pathways leading to 
and from the organ. Organs situated in these spaces are surrounded 
by connective tissue and are more or less immovable. 

While this general structure applies to all three body cavities, the terms 

for the individual regions vary (see C): 

• In the thorax, most of the connective tissue is located in the Central 
compartment of the cavitas thoracica, the mediastinum, in which the 
cavitas pericardiaca (a hollow space lined with a serous membrane) is 
embedded. The cavitates pleurales are located lateral to the medias¬ 
tinum. 


• In the abdomen, the connective tissue is situated behind the cavi¬ 
tas peritonealis in the spatium retroperitoneale (an extraperitoneal 
space). 

• In the pelvis, the connective tissue is situated both behind and below 
the cavitas peritonealis in the spatia retroperitoneale and subperito- 
neale (spatia extraperitonealia). 

Correspondingly, all organs in the thorax, abdomen and pelvis can be 
organized according to their location in the connective tissue space or 
in one of the serous-membrane lined cavities (see C). 

Note: While the partition between the cavitates thoracica and abdom¬ 
inis is clearly defined by the diaphragma, the separation between the 
cavitates abdominis and pelvis is often only demarcated by bony ref- 
erence points on the body wall. Thus, the cavitates abdominis and pel¬ 
vis essentially remain a single cavity, and therefore form a single region 
where disease processes can spread from one cavity to the other. 

A mesenterium is a layer of connective tissue covered by peritoneum. 
Within it run the organ’s neurovascular supply (vasa sanguinea and lym¬ 
phatica, nervi). With reference to organs, the mesenterium is often 
identified with the prefix “meso” (e.g., mesocolon transversum). 


C Spaces and body cavities and their respective organs in the thorax, abdomen, and pelvis 


Body cavity and the 
organs it contains 

Serous cavities 

and the organs they contain 

Serous membrane 

Connective tissue spaces 
and their embedded organs 

Cavitas thoracica 
(thorax) 

Thoracic organs 

• Paired cavitates pleurales with pulmones: 
Intrapleural organs 

• Cavitas pericardiaca 

Intrapericardial organ 

• Pleura visceralis and 
parietalis 

• Laminae visceralis and 
parietal is pericardii serosi 

• Mediastinum (middle section of the cavitas 
thoracica) between the cavitates pleurales 
as well as behind the unpaired cavitas 
pericardiaca with the mediastinal organs: 
oesophagus, trachea, and thymus as well as 
vessels and nerves: - Mediastinal organs 

Cavitas abdominis 
(abdomen) 

Abdominal organs 

• Abdominal cavitas peritonealis with 
gaster (stomach), parts of the intestina 
tenue and crassum, splen (spleen), hepar 
(liver), vesica biliaris, and caecum with 
appendix vermiformis: 

Intraperitoneal organs 

• Peritoneum viscerale and 
parietale 

• Spatium extraperitoneale behind the abdo¬ 
minal cavitas peritonealis (spatium retroperi¬ 
toneale, retropubicum) with renes, ureteres, 
pancreas and parts of the duodenum, intesti¬ 
num crassum, and rectum: 

- Extraperitoneal organs 

Cavitas pelvis 
(pelvis) 

Pelvic organs 

• Pelvic cavitas peritonealis with fundus 
and corpus uteri, ovaria, tubae uterinae, 
and upper rectum: 

Intraperitoneal organs 

• Peritoneum viscerale and 
parietale 

• Spatia extraperitonealia behind and below the 
pelvic cavitas peritonealis (spatia retroperito¬ 
neale and subperitoneale) with vesica urinaria 
and adjacent portions of the ureteres, 
prostata, gll. vesiculosae, cervix uteri, vagina, 
and parts of the rectum: 

- Extraperitoneal organs 
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2. Cardiovascular System 


2.1 OverView and Basic Wall Structure 
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V. cava superior 

Atrium dextrum 

V. cava inferior 
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Vv. hepaticae 
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(vasa lymphatica) 

V. portae hepatis 
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>- Pulmonary 
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A. pulmonalis 

Aorta 

Atrium sinistrum 

Ventriculus sinister 
Ventriculus dexter 

Hepar 

Porta I 
circulation 


Gastrointes- 
tinal tract 


A OverView of the cardiovascular system 

The cardiovascular system is a closed system of vessels through which 
the blood is transported. This circulation is necessary to supply the or- 
gans with oxygen, nutrients, and hormones and to carry carbon diox- 
ide and other metabolic waste products away to the excretory organs. 
Additionally, cells and proteins of the immune system travel through 
the bloodstream. Using blood as a transport medium, they “patrol” the 
body by constantly looking out for pathogens. The blood can also trans¬ 
port heat, so that circulation helps to regulate body temperature. In ad- 
dition to these functions, the blood also helps to seal off leaks. It con- 
tains clotting factors that are activated when vessels gets damaged. The 
circulation is powered by the cor (heart) which functions as a pressure 
pump. 

The circulatory system can be divided into two main circuits: 

• the systemic circulation (high-pressure system, average blood pres¬ 
sure of 10OmmHg in the major arteries) and 

• the pulmonary circulation (low-pressure system, average blood pres¬ 
sure of 12mmHg; the difference in pressure from the systemic circu¬ 
lation is almost a factor of 10). 


Regarding the vessels and pump, both circulatory systems can be di¬ 
vided into four parts: 

• arteriae (aa.) and arteriolae: they lead away from the heart and dis¬ 
tribute blood to the organs 

• capillaries: they connect arterioles to venules and enable the ex- 
change of substances in organs 

• venulae and venae (vv.): receive blood from the capillaries and carry 
it back to the cor 

• cor: functions as a circulation pump and transports the blood back to 
the arteriae 

The lymphatic system is an additional vascular system that carries fluid 
away from the organs. It begins with lymphatic capillaries (vasa lym¬ 
phocapillaria) in the organs and transports lymph back to the venous 
system. 

Note: Whether to refer to a vessel as an artery or vein depends on the 
direction of blood flow, not on blood oxygen level. Arteriae carry blood 
away from the heart, and venae carry blood toward the heart. Hence, in 
the diagram, the a. pulmonaria contains oxygen-low blood (blue), while 
the v. pulmonaria contains oxygen-rich blood (red). 


io 





























Structure and Development of Organ Systems 


2. Cardiovascular System 
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B Basic wall structure of large blood vessels 

a The major blood vessels (arteries and veins) generally consist of three 

layers: 

• The tunica intima (intima): an endothelium consisting of a single 
layer of squamous epithelial cells, with the cells elongated in the 
direction of blood flow, and a thin layer of subendothelial connec¬ 
tive tissue 

• The tunica media (media): consisting of a circular arrangement of 
smooth muscle cells, and elastic fibers of the internal elastic mem- 
brane (which separates the intima from the media) and external 
elastic membrane (which separates the media from the adventi¬ 
tia) 

• The tunica adventitia (adventitia): consisting mainly of loose con¬ 
nective tissue, which integrates the blood vessel into its surround- 
ings and allows for movement of vessels with organ movements. It 
can contain blood and lymphatic vessels as well as nerves. 


Veins 

Wall of the 
v. cava inferior 


Medium- 
size vein 


Valvula 

venosa 


Small vein 



Vasa capillare 


Arteries 

Aortic 

wall 


Large 

artery 


Small 
artery 
distant 
from the 
cor 


V 

b Terminal vascular bed 


b While veins have a similar three-layered structure as arteries, they 
have fewer and less dense layers of smooth muscle cells, giving the 
media of veins a looser structure. These structural characteristics are 
the resuit of lower venous blood pressure compared to arterial blood 
pressure. The peripheral veins in limbs contain valves to help direct 
blood flow back to the cor. The small exchange vessels, the capillar- 
ies, have no muscle tissue and consist only of endothelium and base- 
ment membrane. 


C Blood pressure in different regions of the 
cardiovascular system 

The function and structure of the cardiovas¬ 
cular system are closely interconnected, as 
higher blood pressure leads to the thickening 
of blood vessel walls and lower blood pressure 
allows walls to thin. Thus, knowledge of blood 
pressures is important when interpreting mor- 
phology. In the cor and major arteries clos- 
est to the cor, blood pressure fluctuates sub- 
stantially with each cardiac cycle. While blood 
pressure in the ventriculus sinister reaches 120 
mmHg during systole, during diastole it drops 
to 0 mmHg. Due to the vessel wall proper- 
ties of the arteriae close to the heart, blood 
pressure fluctuations in them during the car¬ 
diac cycle are less extreme. Resistance vessels 
further help regulation so that capillary pres¬ 
sure remains constant. Pressure is lowest in 
the Central veins closest to the heart. Because 
of their thin walls, they can expand and store 
blood. 
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Note: The different regions of the vascular sys¬ 
tem are assigned specific functions, which are 
described in the illustration above. 
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2. Cardiovascular System 


2.2 Terminal Vessels and OverView of the Major Blood Vessels 


Vasa capillaria 



Arteriola 


Venula 


Precapillary 
sphincter contracted 



Arteriola Venula 



Arteriola 


Venula 


a 


b 
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A Terminal vessels 

a The primary function of the arteries and veins is to transport blood. 
Terminal vessels are concerned with the exchange of substances be- 
tween blood and tissue. This is often called the microcirculation. 

The terminal vascular bed consists of 

• Arteriolae 

• Capillaries 

• Venulae 

b It is important to point out that capillary perfusion can vary within 
organs. Precapillary sphincters, which consist of smooth muscle cells, 


help to regulate perfusion in one capillary. Terminal vessel perfusion 
within a specific organ is related to the organ’s function and varies 
from organ to organ. 

c Additionally, arteriovenous anastomoses help regulate the circula- 
tion in a group of neighboring capillaries that have formed one func- 
tional unit. Thus, entire capillary beds can be shut down. 

Disruption of the fine regulation of the microcirculation is a major 
problem when patients go into shock because blood can pool in cap¬ 
illaries. 


1. First capillary 2. Second capillary 
circulation circulation 


Afferent 

arteriole 
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V. portae hepatis 
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A. bronchialis 
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B Vascular relationships 

In addition to the above mentioned descriptions of typical organ circu¬ 
lation: artery - capillary - vein, there are additional blood flow patterns 
in some organs. 

a Flow of arterial blood through two serially connected capillary 
beds: Two serially connected capillary beds are found in the ren (kid- 
ney) where arterial blood initially flows through the corpuscula rena¬ 
lia (glomeruli) and then into the capillaries of the medulla renalis, 
b Flow through two venous circuits (portal venous system): Ve- 
nous blood flowing through two serially connected capillary beds is 
known as a portal venous system. For clarification, the blood in the 
first capillary bed is colored purple because it is not yet completely 
deoxygenated. Such a portal venous system exists in the digestive 
tract, where the v. portae hepatis collects the venous blood from the 
unpaired abdominal organs (gaster, intestina, splen). From there it 
flows to the capillaries of the hepar. 


C Dual organ circulation 

The hepar (liver) receives its blood supply from the a. hepatica propria 
and the v. portae hepatis (a). The vessel responsible for suppling oxy- 
genated blood to the liver tissue is the a. hepatica propria. The vessel 
that contains the blood with the substances to be metabolized in the 
liver is the v. portae hepatis. The pulmones also have a dual arterial 
supply (b). Here, the aa. pulmonariae contain deoxygenated blood and 
the rr. bronchiales contain oxygenated blood. Another pattern of mul¬ 
tiple blood supply can be found in the encephalon. Four arteriae form 
a closed ring (the circulus arteriosus cerebri, circle of Willis) from which 
other vessels supply the encephalon (c). AII three forms of blood supply 
through multiple vessels allow for a certain degree of compensation in 
case one of the supplying vessels fails. 
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D Major blood vessels 

This overview depicts the major arteriae (a) and venae (b) in the human 
body. In the following organ descriptions, knowledge of the major vas- 
cular trunks is assumed, and the smaller organ-supplying vessels will be 
discussed with the respective organs. 
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2. Cardiovascular System 


2.3 Cardiogenic Area, Development of the Heart Tube 


Characteristics 

In many respects, the cardiovascular system is extraordinary. It is the 
first system to function in the human embryo; it is already functional by 
the end of the third week (first contractions of the primitive cor tubu¬ 
lare). Additionally, the cardiac loop (see below) is the body’s first asym- 
metrical structure. Since the human embryo is poorly supplied with 


yolk, which ensures nutrition by diffusion for a limited time only, it de- 
pends on extraembryonic circulation from a very early stage. While the 
saccus vitellinus circulation appears earlier, it is the placental circulation 
that ultimately provides nutrients and removes waste over the course of 
embryonic and fetal development (see D). 


A Origins of the cardiac tissue (cardiogenic area) 

Dorsal view of the discus embryonicus from the cavitas amniotica. 
During the third week of development (presomite stage), the mesen- 
chyma cardiogenicum, from which the cor develops, forms a horse- 
shoe-shaped area (campus cordis primus) that consists of a thickened 
layer of mesenchymal cells. It lies anterolateral to the lamina neuralis. 
At this stage in development, the mesenchyme is stili located under 
the similarly horseshoe-shaped intraembryonic cavitas coelomica. The 
campus cordis primus is composed of mesenchyma splanchnopleurale 
(the layer of mesoderma laminae lateralis facing the viscera) and it bor- 
ders the future cavitas pericardiaca (see Be). During craniocaudal and 
lateral embryonic folding, the campus cordis primus, which originally 
lies in the anterolateral portion of the discus embryonicus, moves ven- 
trally under the developing praeenteron along with the adjacent coelo- 
mic cleft (see Bc). 
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B Formation of the heart 

a-d Sagittal sections; e-h Cross-sections (21-23 days / 4-12 somites); 
Lateral (a-d) and rostral (e-h) views; For location of the respective 
plane of section see A. 

As a resuit of craniocaudal folding (a-d) the primordium cordis and the 
adjacent cavitas pericardiaca rotate 180 degrees and move under the 
praeenteron (descent of the heart). The lamina praechordalis (the fu¬ 
ture site of the cavitas oris), which previously was located caudally, is 
now rostral to the developing cor. The septum transversum (future cen¬ 
trum tendineum of the diaphragma) also moves caudally under the cor 
and cavitas pericardiaca. During the slightly delayed process of lateral 
folding (e-h) the initially paired primordia cordis fuse to form the un- 


paired cor tubulare (h). During this fusion, endothelial-lined embryonic 
vessels (endocardial tubes) that developed from angioblasts in the car¬ 
diogenic area fuse to form a single cavity in the cor tubulare. After fus- 
ing with the opposite side, the adjoining mesenchyma splanchnopleu¬ 
rale thickens and develops into cardiac muscle (myocardium). Between 
the endocardial and myocardial layers develops a basement mem- 
brane-like structure consisting of a gelantinous extracellular matrix 
(gelatinoreticulum). Thus, the fused embryonic heart tube consists of 
three layers—from inside to outside: endocardium, gelatinoreticulum, 
and myocardium. The visceral layer of the pericardium, the epicardium, 
develops from progenitor cells in the area around the sinus venosus, 
which then overgrow the myocardium. 
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C Formation of the ansa cordis dextra 

a Left lateral view; b-d Anterior view (with the cavitas pericardiaca 
opened). 

During cranial embryonic folding, the developing cor and cavitas peri¬ 
cardiaca shift in a ventral and caudal direction. With the start of the 
fourth week, the cor tubulare elongates and curves to form the ansa 
cordis, which at this stage is attached by a mesocardium dorsale to the 
posterior wall of the cavitas pericardiaca. Over the course of develop¬ 
ment, this connection regresses (allowing formation of the sinus trans¬ 
versus pericardii), so that only the tractus influxionis (venosus) and ef¬ 
fluxionis (arteriosus) attach the cor tubulare to the pericardium (see c). 
During formation of the ansa cordis, the cranial portion of the cor tu¬ 


bulare shifts ventrocaudally and to the right, while the caudal portion 
moves dorsocranially and to the left (d). Thus, the tractus influxionis 
lies dorsal and the tractus effluxionis ventral. At the same time, the ansa 
cordis dextra subdivides into multiple portions as a resuit of constriction 
and expansion, forming the following regions: 

• truncus arteriosus 

• conus cordis 

• ventriculus embryonicus 

• primordium atrii 

• sinus venosus 
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D Early embryonic circulation (after Drews) 
Lateral view. The cardiovascular system of a 3 
to 4 week old embryo consists of a contractile 
muscular cor tubulare and three distinet circu- 
latory systems: 

• An intraembryonic systemic circulation 

(aorta ascendens and aorta dorsalis, aa. ar¬ 
cuum pharyngeorum and arcus aortae, vv. 
praecardinales and postcardinales) 

• An extraembryonic vitelline circulation 

(aa. and vv. omphalomesentericae) 

• A placental circulation (aa. and vv. umbili¬ 
cales). 

Deoxygenated blood in the six major venous 
trunks (two vv. vitellinae or omphalomesen¬ 
tericae, two vv. umbilicales, and two vv. car¬ 
dinales communes) flows into a common, ve¬ 
nous cavity close to the heart called the sinus 
venosus. It then flows through the cor tubu¬ 
laris and out the aortae dorsales pares to en- 
ter the systemic circulation, saccus vitellinus or 
placenta (for development of the sinus veno¬ 
sus see p. 17). 


15 























Structure and Development of Organ Systems 


2. Cardiovascular System 


2.4 Development of the Inner Chambers of the Heart 
and Fate of the Sinus Venosus 
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A The ansa cordis and the parts of the cor that develop from it 

a Ansa cordis, left lateral view; b Sagittal section of the ansa cordis. 

By the end of the 3rd or beginning of the 4th week, the precursors of 

the definitive parts of the cor are clearly visible: 

• The bulbus cordis (truncus arteriosus and conus cordis) differentiates 
into the smooth-walled tractus effluxionis of the ventriculi sinister 
and dexter as well as the proximal portion of the aorta ascendens and 
truncus pulmonalis. 

• The ascending limb of the ansa cordis forms the ventriculus dexter. 


• The descending limb of the ansa cordis forms the ventriculus sinister. 

• The sulcus interventricularis marks the boundary between the defin¬ 
itive ventriculi sinister and dexter. 

• The future valvae atrioventriculares will form at the level of the cana¬ 
lis atrioventricularis. 

Between the 27th and 37th day of development, a complex series of 
steps occurs in the ansa cordis to form septa in the atrium, ventriculus 
and tractus effluxionis (see p. 18) to divide the cor into right and left 
sides. 
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B Formation of the tubera endocardiaca and development of the 
cor*s internal chambers 

a and b Sagittal section of the ansa cordis; c Anterior view at the level 
of the tubera endocardiaca (for plane of section see b). 

During the 4th week, the cor tubulare narrows at the junction of the 
atrium, ventriculus and canalis atrioventricularis (AV canal). This nar- 
rowing is a resuit of the formation of dorsal and ventral tubera endocar¬ 


diaca. These are thickened areas of mesenchyma that develop in the re- 
gion of the gelatinoreticulum. The tubera fuse, and with continued de¬ 
velopment divide the AV canal into right and left sides (right and left ca¬ 
nales atrioventriculares). Later, the fused tubera endocardiaca give rise 
to the valvae atrioventriculares (valvae tricuspidalis and mitralis), which 
separate the atria from the ventriculi. Simultaneously, the atrium begins 
to separate into two chambers (see p.18). 
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C Fate of the sinus venosus and the veins opening into it 

a 4th week; b 3rd month; ventral view. 

By the beginning of the 4th week, the sinus venosus is a separate part of 
the heart at the opening of the venous tractus influxionis. It opens into 
the stili undivided atrium. Three large paired veins open into each side 
of the atrium through the cornua sinistrum and dextrum of the sinus 
venosus. These are the vv. vitellinae, vv. umbilicales, and vv. cardinales 
communes. Through two left-right circuits (see below), the tractus in¬ 
fluxionis increasingly shifts to the right side of the body. On the left side, 
the majority of these veins disappear (see E): 

1. Left-right Circuit: Blood flowing from the placenta passes through the 
v. umbilicalis sinistra and ductus venosus and enters the hepar on the 
right side. From there it passes through the proximal portion of the 
right v. vitellina (future v. cava inferior) and then to the cornu dextrum 
sinus. 

2. Left-right Circuit: Both of the vv. praecardinales become connected 
by an anastomosis. Blood flowing through the systemic circulation en¬ 
ters the cornu dextrum sinus through the right v. cardinalis communis 
(future v. cava superior). The cornu dextrum sinus enlarges and is grad- 
ually incorporated into the right atrial wall (b). The cornu sinistrum si¬ 
nus, however, increasingly regresses and forms the sinus coronarius. 
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D Transformation of the atria 

The separation of the common atrium into atria sinistrum and dextrum 
begins in the 5th week with the formation of the septum primum (see 
p. 18). Around the same time the chambers of the atria enlarge by in- 
corporating venous wall tissue. On the right side, parts of the cornu dex¬ 
trum sinus are incorporated into the atrial wall. On the left side, a large 
part of the atrium sinistrum develops by incorporating the primitive vv. 
pulmonales. The origins of the parts of the atria are stili detectable in 
the mature heart: 

• The partes leves atriorum developed from venous wall tissue (sinus 
venosus, vv. pulmonales) 

• The partes trabeculatae atriorum (mainly the auriculae sinistra and 
dextra) developed from the former common atrium 

In the atrium dextrum, the border between the partes levis and trabec- 
ulata is demarcated by a vertical ridge, the crista terminalis. Its cranial 
portion is the former valva venosa dextra; its caudal portion is the valvu¬ 
lae venae cavae inferioris and sinus coronarii. 


E Transformation of the sinus venosus and veins opening into it by 
the end of the 4th week (see also Cb) 
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2. Cardiovascular System 


2.5 Cardiae Septation (Formation of Septa Interatriale, 
Interventriculare, and Aorticopulmonale) 


Development of cardiac septa—the basies 

Cardiae septation begins at the end of the 4th week and is completed 
over the next three weeks. Over this period, the embryo grows in length 
from 5 mm to 17 mm. As a resuit ofthe development of the various car¬ 
diac septa, the cor tubulare separates into two sides with a Circuit for 
the left heart and another for the right heart. The two circuits are com- 
pletely separated from one another at the time of birth with the closure 
ofthe foramen ovale (see p. 20). This closure is due in part to increased 


blood flow to the infant‘s lungs and the resulting decrease in pressure in 
the right heart Circuit. 

Note: Septation defects play a key role in many heart malformations 
(eg. atrial and ventricular septal defects, transposition of large vessels, 
tetralogy of Fallot, see p. 21). The incidence rate of heart malforma¬ 
tions among newborns is 7.5/1000 making them the most frequent 
congenital diseases. In Germany, 6000 children are born with a heart 
defect every year. 


A Atrial septation (formation ofthe atrial septum) 

a, c, e, g, i, k Frontal sections, ventral view; b, d, f, h, j Sagittal section, 
viewed from the right side. 

Septum primum and foramen secundum: After the 4th week the com- 
mon atrium gradually gets divided into two chambers. From the roof of 
the stili undivided atrium, the crescent-shaped septum primum grows 
and extends toward the already fused tubera endocardiaca of the cana¬ 
lis atrioventricularis (a and b). Between the margin ofthe septum and 
the tuber endocardiacum remains an opening, the foramen primum. It 
becomes progressively smaller and finally disappears as the septum pri¬ 
mum continues to grow. At the same time, perforations produced by 
apoptosis appear in the Central part of the septum primum. The per¬ 
forations coalesce to form a new, large opening between the two atria, 
the foramen secundum (c and d). From now until birth, this new opening 
ensures continuous flow of oxygenated blood from the atrium dextrum 
to the atrium sinistrum. 

Septum secundum and foramen ovale: By the end of the 5th week, 
a second crescent-shaped septum called the septum secundum grows 
from the ventrocranial wall ofthe atrium dextrum toward the fused tu¬ 
bera endocardiaca (g and h). The septum secundum does not completely 
reach the tubera endocardiaca and an opening, the foramen ovale, re¬ 
mains in the septum. The extending septum secundum progressively 
overgrows the foramen secundum in the septum primum (i and j). Flow- 
ever, blood can continue to flow from the atrium dextrum to the atrium 
sinistrum due to differing blood pressures in the two sides. Before birth, 
pressure in the atrium dextrum is higher than in the atrium sinistrum 
and blood entering the atrium dextrum from the v. cava inferior passes 
into the atrium sinistrum. This is because the blood pressure is sufficient 
to push the septum primum aside and open it like a door. In this way, 
blood can pass through the foramen ovale, into the gap between the 
septum secundum and septum primum, and through the foramen se¬ 
cundum to enter the atrium sinistrum (i and j). 

Closure of the foramen ovale and the definitive separation of the 
atria: Due to changes in the pulmonary circulation at birth, blood pres¬ 
sure in the atrium sinistrum increases. As a resuit, the septum primum 
is pushed against the septum secundum. The foramen ovale closes and 
the two atria are separate from one another (k). The septum primum 
forms the future fossa ovalis, and the free edge of the septum secun¬ 
dum develops into the limbus (border) of the fossa ovalis. Once these 
two septa fuse the foramen ovale remains permanently closed. 

Note: Failure ofthe septa to fuse results in the foramen ovale remaining 
open (patent foramen ovale [PFO]). Flowever, this is of little significance 
due to the pressure differences in the atria (see p. 21). The higher pres¬ 
sure in the atrium sinistrum pushes the septum primum firmly against 
the septum secundum. 
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B Septation of the ventriculi and the tractus effluxionis (formation 

of the septa interventriculare and aorticopulmonale) 

(after Sadler) 

Ventricular septation also begins by the end of the 4th week with the 
formation of a myocardial wall between the ascending and descending 
limbs of the ansa cordis. 

Ventricular septation (a and b): A crescent-shaped muscular ridge 
called the pars muscularis of the septum interventriculare develops from 
the wall of the ventriculus and projects into the ventricular lumen. With 
continued development, its two limbs fuse with the tubera endocardi- 
aca of the canalis atrioventricularis (however, the bottom of the cres¬ 
cent-shaped ridge does not fuse with the tubera). The remaining open- 
ing between the two ventriculi is called the foramen interventriculare. In 
the 7th week, it is completely closed by the pars membranacea of the 
septum interventriculare, which comes from the tubera endocardiaca 
and the proximal end of the conal ridges (see below). 

Outflow tract septation (c-e): While the septum interventriculare 
forms, the common tractus effluxionis of both ventriculi (bulbus cordis) 
begins to differentiate into the aorta ascendens and truncus pulmonalis. 
This is the resuit of the formation of two opposite longitudinal ridges 
in the lower (conus cordis) and upper (truncus arteriosus) parts of the 
tractus effluxionis. These conal and truncal ridges develop through in- 
creased proliferation of mesenchyma. Their progenitor cells migrated 
from cranial crista neuralis cells in the arcus pharyngei. 

Note: Crista neuralis cells give rise to most of the peripheral nervous Sys¬ 
tem, but also contribute to cardiovascular development. Thus, cranial 
crista neuralis cells are of Central importance for the normal develop¬ 
ment of the cardiac tractus effluxionis. 

Over the course of septum formation, the conal and truncal ridges com¬ 
plete a rotation of 180 degrees. This pattern of fusion leads to the for¬ 
mation of the spiral-shaped septum aorticopulmonale, which separates 
the common tractus effluxionis of the two ventriculi. 

Heart valve formation: Formation of the valvae aortae and trunci pul¬ 
monalis is related to formation of the septum aorticopulmonalis. The 
valves develop from three subendocardial ridges (tubera endocardiaca) 
located at the junction of the conus cordis and truncus arteriosus (thus 
at the root of the aorta and truncus pulmonalis). 
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2.6 Pre- and Postnatal Circulation and 
Common Congenital Heart Defects 
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A Prenatal circulation (after Fritsch and Kuhnel) 

The prenatal circulation is characterized by the following: 

• Very little pulmonary blood flow 

• Gas exchange in the placenta 

• Delivery of oxygen and nutrients to the fetus through the placenta 

• A right-to-left shunt in the heart 

The fetal lungs have not yet expanded, are not aerated and have mini- 
mal blood flow. Consequently exchange of 0 2 and C0 2 takes place out- 
side the fetus in the placenta. Oxygenated and nutrient-rich fetal blood 
from the placenta passes to the fetus through the unpaired v. umbili¬ 
calis. Near the liver, the v. umbilicalis empties into the v. cava inferior 
through the ductus venosus (a venovenous anastomosis). There, oxy- 
gen-rich blood (from the v. umbilicalis) mixes with oxygen-poor blood 
(from the v. cava inferior). At the same time, the v. umbilicalis passes 
nutrient-rich blood, via another venous anastomosis, to the v. portae 
hepatis which transports it to the hepar for metabolic processing. 

Blood flow in the cor is characterized by a right-to-left shunt. Blood 
from both vv. cavae flows into the atrium dextra. Blood from the v. cava 
inferior passes into the atrium sinistra through the foramen ovale (see 
p. 18). Most of the blood from the v. cava superior passes through the 
atrium dextrum to the ventriculus dexter and then enters the truncus 
pulmonalis. However, it does not enter the unexpanded fetal lungs but 
passes via the ductus arteriosus (an arterioarterial anastomosis) into the 
aorta and then to peripheral fetal vessels. Blood returns to the placenta 
through the paired aa. umbilicales (branches of the aa. iliacae internae). 
Since the pulmonary circulation is greatly reduced, very little blood is 
returned to the atrium sinistrum through the vv. pulmonales. 


B Postnatal circulation (after Fritsch and Kuhnel) 

At birth, gas exchange and blood flow undergo a radical change. The 
postnatal circulation is characterized by the following: 

• Loss of the placental circulation 

• Pulmonary respiration with pulmonary gas exchange 

• Functional occlusion of the right-to-left shunt and all fetal anastomo¬ 
ses 

When respiration begins, the lungs are expanded, aerated and become 
responsible for gas exchange. Vascular resistance in the expanded lungs 
drops abruptly. The sudden drop in blood pressure in the atrium dex¬ 
trum (pressure in the atrium sinistrum is now higher than in the atrium 
dextrum) causes the foramen ovale to close (see p. 18). Contraction of 
vascular smooth muscle in the ductus arteriosus functionally closes that 
anastomosis. Later it closes completely by scarring and forms the lig. ar¬ 
teriosum. The ventriculus dexter pumps blood through the aa. pulmo¬ 
nales into the expanded lungs. Blood from the ventriculus sinister is dis- 
tributed through the aorta to all body regions and returns to the atrium 
dextrum through the vv. cavae superior and inferior. Both sides of the 
heart are now hemodynamically separate. The v. umbilicalis is no longer 
perfused and the ductus venosus connecting it to the v. cava inferior oc¬ 
cludes and eventually scars to form the lig. venosum. The v. umbilicalis 
also becomes occluded and fibrous over its entire length, forming the 
lig. teres hepatis. The proximal portions of the aa. umbilicales remain 
patent, while the distal portions become occluded and form the lig. um¬ 
bilicale mediale on each side. 
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C Congenital heart defects 

Heart defects are the most common birth defects (incidence in liveborn 
infants is 7.5/1000). The factors are usually genetic (trisomy 21) or ex- 
ogenous (e.g., virus infections/rubella, alcohol, medications, cytostat- 
ics, ionizing radiation). 

Note: The cor is most sensitive to teratogen exposure between the 4th 
and 7th weeks, a time period in which a woman may not know yet that 
she is pregnant. 

Thanks to enormous progress in diagnosis and therapy, more than 85% 
of children born today with congenital heart disease survive and reach 
adult age. Among the most common congenital heart defects are ocy- 
anotic heart defects (cyanosis: bluish discoloration of the skin/muco- 
sae due to low oxygen saturation). They are ventricular septal defects 
(31%), atrial septal defects (10%) and patent ductus arteriosus (9%), in 
which a non-physiological connection exists between the left and right 
sides of the heart. Since blood always flows from high pressure to low 
pressure, and the left side of the heart has the higher pressure in post- 
natal circulation, the heart abnormalities described are characterized 
by an initial left-to-right shunt. The shunt leads to higher pressure in 
the right side of the heart. In response to the increased pressure, the 
walls of the ventriculus dexter and aa. pulmonales thicken which re- 
sults in continuously increasing resistance and pressure in the pulmo- 
nary circulation (pulmonary hypertension). Over time the pressure in 
the pulmonary circulation becomes higher than the pressure in the 
systemic circulation, which leads to a shunt reversal (now right-to-left 
shunt [Eisenmenger reaction]) and decompensated right-sided failure. 
As less blood flows through the aa. pulmonales, the oxygen saturation 
decreases leading secondarily to cyanosis. During childhood, acyanotic 
heart defects are usually well tolerated and become symptomatic only 
later in life. If a patent ductus arteriosus is surgically closed (e.g., using 
an endoscopic catheter) before complications occur, life expectancy is 
normal. 

a Normal postnatal heart: The foramen ovale closes, the ductus arte¬ 
riosus atrophies, and systemic and pulmonary circulation are com- 
pletely separated. 

b Ventricular septal defect (VSD): VSDs are usually located in the pars 
membranacea of the septum interventriculare and arise from failure 
of fusion of the pars muscularis of the septum interventriculare with 
the proximal septum aorticopulmonale. As a resuit, the foramen in¬ 
terventriculare remains open, and with each contraction blood from 
the ventriculus sinister enters the ventriculus dexter. Ventricular sep¬ 
tal defects are frequently associated with an asymmetric septation of 
the outflow tract such as a narrowed truncus pulmonalis (stenosis), 


an “overriding" aorta on the ventricular septum, and right ventricu¬ 
lar hypertrophy caused by the pulmonary stenosis (tetralogy ofFallot, 
the most common cyanotic heart defect. An infant‘s mucous mem- 
branes, lips, and fingers have a bluish color because too little blood 
is pumped through the pulmonary circulation for adequate oxygen- 
ation). 

c Patent ductus arteriosus (PDA): frequently occurs in premature in¬ 
fants (75% will spontaneously close within one week). Symptoms are 
the resuit of increased backflow of aortic blood into the truncus pul¬ 
monalis, which leads to volume overload on the pulmonary circula¬ 
tion (see above). If the ductus arteriosus is closed (e.g., using an en¬ 
doscopic catheter), life expectancy is normal. 
d Atrial septal defects (ASD): depending on location, these defects 
are subdivided into three types: primum atrial septal defects (ASD 
I), secundum atrial septal defects (ASD II) and sinus venosus atrial 
septal defects (SV). The most common type is the secundum atrial 
septal defect (75% of all cases), characterized by the excessive re- 
sorption of septum primum tissue at the site of the foramen ovale 
(foramen secundum is too large) or inadequate growth of the sep¬ 
tum secundum (foramen secundum is not sufficiently covered, see p. 
18). As a resuit, in postnatal circulation, blood flows from the atrium 
sinistrum to the atrium dextrum which, depending on the shunt vol¬ 
ume, leads to volume overload in the pulmonary circulation. Signif¬ 
icant symptoms can occur later in life once the shunt has reached a 
certain size. Thus, ASD II defects are corrected even though patients 
have not yet shown symptoms. Closure of secundum atrial septal 
defects is generally performed by using an interventional approach 
with a stent and a self-expanding double-umbrella device made of a 
nickel titanium alloy. 

Note: Failure of the septum primum to fuse with the septum secun¬ 
dum after birth leads to an anatomically open (through which a probe 
could be passed) foramen ovale (“probe" patent foramen ovale [PFO]). 
Due to the valve mechanisms and the existing pressure differences, it 
is clinically insignificant (see p. 18) and thus is not a true heart defect 
but rather a normal variant (almost 30% of adults are affected). Patho- 
logical conditions, (e.g., resulting from an acute hemodynamically rel¬ 
evant pulmonary embolism) can lead to the formation of a right-to- 
left shunt. As a resuit, blood clots (thrombi), which are usually filtered 
out in the lungs, can enterthe systemic circulation causing an ischemic 
stroke (a paradoxical or crossed embolism). Even smaller clots can be 
potentially life-threatening. Even routine activities (lifting heavy loads, 
coughing, etc.) can lead to quick changes in intrathoracic pressures so 
that a PFO can temporarily cause a right-to-left shunt. 
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3. Respiratory System 


3.1 OverView of the Respiratory System 


Introduction and overview 

The respiratory organs are the site of gas exchange between the organ- 
ism and the atmosphere (external respiration vs. internal respiration = 
cellular respiration). Additionally, respiratory organs contribute to voice 
production. 

Inhaled air reaches the alveoli pulmonales through a network of finely 
branched tubes (the trachea, bronchi and bronchioli). Cos exchange 
takes place in the alveoli. In the air passages, incoming air is warmed, 
moistened and filtered. Blood is transported to the lungs (pulmones) 
through a similarly finely branched network, the aa. pulmonales and 
their branches. Carbon dioxide, an end product of cellular metabolism, 


is carried with the blood to the lungs. During respiration, oxygen is ab- 
sorbed from the air, and then binds with hemoglobin. At the same time, 
carbon dioxide is excreted. Carbon dioxide in the blood is a compo¬ 
nent of the bicarbonate buffering system. Thus, respiration influences 
the body‘s acid-base balance by releasing C0 2 . The gas exchange be¬ 
tween air and blood occurs by diffusion, driven by the differences in par- 
tial pressure of the two gases (the difference in the pressure of the gas 
between the blood and air). Blood does not come into direct contact 
with the air; they are separated by the blood-air barrier. From the lungs, 
blood is pumped through the vv. pulmonales back to the heart, and 
from there it reenters the systemic circulation. 



A Structure of the air passages 

The respiratory system is divided into an upper and lower respiratory 
tract: 

• The upper air passages include 

- the external nose and cavitas nasi, 

- the sinus paranasales, 

- the pharynx (only the upper portion, the pars nasalis pharyngis, is ex- 
clusively a part of the respiratory tract; in the middle portion of the 
pharynx the respiratory and digestive tracts cross each other). 

• The lower air passages include 

- the larynx, which serves to temporarily close the air passages during 
swallowing, and also contributes to voice production; 

- the trachea, which divides into the two bronchi principales; 

- the two bronchi principales, which then progressively subdivide; 

- the alveoli, located at the end of the network of progressively narrow- 
ing tubes. They are the site of gas exchange. 

The histology of the different parts of the respiratory tract will be fur- 
ther discussed in the organ chapters. 
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a 



B Upper air passages: Nose, cavitas nasi, and pharynx 

a Main cavitas nasi and pharynx viewed from the right side with the 
head turned left; b Bony skull, anterior view of the sinus paranasales. 
Air is inhaled through the nostrils (nares) into the cavitas nasi. It then 
passes through the posterior aperture of the nose (choana) into the 
pharynx, and then to the larynx. Narrow openings connect the sinus pa¬ 
ranasales to the main cavitas nasi. 

Note: In addition to conducting air, the main cavitas nasi is also involved 
in odor perception. 
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C Lower air passages: Larynx and trachea 

a Larynx viewed from the right side; b Anterior view of the trachea. 
The larynx marks the entrance to the lower air passages. The epiglottis, 
which is part of the larynx, can temporarily close the entrance to the air- 
ways during swallowing. This helps to prevent food from entering the 



b 

lower respiratory passageways (which could lead to choking). Addition- 
ally, the larynx contributes to voice production. The trachea is the con- 
tinuation of the larynx. It is located in the neck and thorax and divides 
into the two bronchi principales, which carry air to each lung. Cartilage 
is an important structural component of the larynx and trachea. 


Pulmo dexter Pulmo sinister 



D Lower air passages: Arbor bronchialis and lungs 

Anterior view of the arbor bronchialis and pulmones. On the right side, 
the two bronchi principales divide into three bronchi lobares, and on 
the left side into two bronchi lobares. They further subdivide over sev- 
eral more steps with the final bronchioli respiratorii ending in alveoli, 
where gas exchange takes place. The arbor bronchialis provides the 
structural framework of the lungs. Each pulmo is located in a separate 
cavitas pleuralis, which is lined by a pleural membrane (pleura). The 
function of the arbor bronchialis is to conduct air to and from the lungs. 


Trachea 



E Breathing mechanics 

Anterior view of the lungs (schematic frontal section). The rhythmic ac- 
tivity of the respiratory muscles causes the cavitas thoracica to expand 
(upward, downward, and laterally) and contract. The change in thoracic 
volume also causes the lungs to rhythmically expand, and then retract 
due to their elasticity. Thus, the bony and muscular structures of the 
thoracic wall and diaphragma, which surround the lungs, function like 
a pair of bellows. 


23 
















Structure and Development of Organ Systems 


3. Respiratory System 


3.2 Development of the Larynx, Trachea, and Lungs 
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A Development of the respiratory tract from the three germ layers 

AII three germ layers are involved in the embryonic development of the 
larynx, trachea, and arbor bronchialis. A protrusion from the praeen¬ 
teron in the area around the oesophagus gives rise to the trachea and 


arbor bronchialis. While the cartilage, muscle, vessels, and nerves of the 
larynx are mostly derived from the 4th—6th arcus pharyngei, the laryn- 
geal epithelium is derived from the praeenteron. 
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B Embryonic development of the larynx (after Sadler) 
a Embryo, viewed from the left side; b Location of structures derived 
from the cartilaginous elements of the arcus pharyngei, viewed from 
the left side; c Dorsal view of the arcus pharyngei in an embryo at 6 
weeks, frontal section. 

In a, the embryonic arcus pharyngei are visible. The viscerocranium is 
derived from arcus pharyngei 1 and 2. Arcus 3 gives rise to most of the 
os hyoideum. The cartilaginous skeleton of the larynx and the mm. lar¬ 
yngis are from arcus 4 and 6. Corresponding to their embryonic origin, 
the striated mm. laryngis are innervated by a cranial nerve (the n. va- 
gus). 

Note: The laryngeal epithelium is derived from praeenteron endoderma, 
like that of the trachea and bronchi, and not from the arcus pharyngei. 
The dorsal view of the arcus pharyngei of an embryo at 6 weeks (c) 
shows the developing aditus laryngis adjacent to arcus pharyngei 4 and 
6. This is where the passageways for food and air divide and continue in 
the caudal direction as two separate systems (see C). 
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Diverticulum Septum tracheo- 

laryngotreacheale Praeenteron oesophageum Oesophagus 



C Development of the trachea and lungs: Tubus laryngotrachealis 
and gemmae pulmonales 

Praeenteron viewed from the left side (a and b) and ventral view (c-e). 
The diverticulum laryngotracheale develops as a protrusion on the ventral 
aspect of the praeenteron towards the end of the 4th week of embry- 
onic development (a). It later elongates into the tubus laryngotrachealis 
(b). This tube is initially open to the praeenteron. However, the septum 
tracheooesophageum, which develops from two lateral folds, soon sep- 
arates the tubus laryngotrachealis almost completely from the praeen¬ 
teron. This divides the praeenteron in a ventrodorsal direction into two 
portions (d): 

• the developing respiratory tract, located ventral to the septum; and 

• the developing oesophagus, located dorsal to the septum (for the lo- 
cation of the praeenteron see p. 30). 

Only the cranial end of the tubus laryngotrachealis - the area around the 
future aditus laryngis - is in open communication with the praeenteron 
(see b). At the caudal end of the tube, a smaller left and a larger right 
gemma pulmonalis forms (d). The gemmae pulmonales are the primor¬ 
dia for the two lungs, and they continue to grow downward while at the 
same time expanding laterally (e). The right gemma pulmonalis gives 
rise to the bronchus principalis dexter and the left gemma pulmonalis to 
the bronchus principalis sinister. 


D Development of the trachea and lungs: The arbor bronchialis 

Arbor bronchialis at 5 (a), 6 (b), and 8 (c) weeks, ventral view; Detail of 
fully developed arbor bronchialis (d). 

The gemmae pulmonales initially form the bronchi principales dexter 
and sinister. These give rise to three bronchi lobares on the right side 
and two on the left side, corresponding to the lobi of the lungs. These 
future bronchi lobares further elongate and subdivide into bronchi seg¬ 
mentales that supply the segments of the lung (10 segments in the 
pulmo dexter and usually only 9 in the pulmo sinister). Further subdi- 
visions lead to bronchi intrasegmentales, which decrease in size, and 
finally to the bronchioli terminales (d). The tubus laryngotrachealis un- 
dergoes about 23 dichotomous divisions, beginning with the gemma 
pulmonalis. The first 17 divisions take place before birth and lead to the 
formation of simple alveoli, mainly in the form of sacculi alveolares (see 
p. 27). The remaining 6 divisions take place after birth, resulting in dra- 
matically enlarged pulmones due to the high number of newly formed 
mature alveoli. The maturation of the lungs begins in their cranial seg¬ 
ments and ends in their caudal segments 8 to 10 years after birth. 
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3.3 Lung Development and Maturation 
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A Development of the trachea and lungs: The cavitates pleurales 

Schematic view of the cavitates pleurales at 5 (a) and 6 (b) weeks; Ven- 
tral view of arbor bronchialis. 

As part of the branching described above, the arbor bronchialis grows 
laterally and caudally toward the cavitas abdominis expanding against 
the visceral mesoderma (a) until it almost touches the parietal meso¬ 
derma (b). The pleura visceralis develops from the visceral mesoderma 
near the gemmae pulmonales, and the pleura parietalis, which lines the 
inside of the body cavity, develops from the parietal mesoderma. Thus, 
the expanding lung tissue, covered by pleura visceralis, progressively 
filis up the pleura parietalis lined body cavity (c and d). Due to its chan- 


nel-like appearance, the stili undivided cavity is referred to as the cana¬ 
lis pericardioperitonealis primordialis since it connects the cavitas peri¬ 
cardiaca primordialis (above) with the cavitas peritonealis (below). Two 
folds, the membranae pleuropericardiacae, grow medially and fuse with 
each other and connect with the Central compartment of the cavitas 
thoracica (the future mediastinum, see p. 71) thus separating the now 
paired cavitates pleurales from the cavitas pericardiaca which contains 
the cor (see p. 6). The septum transversum (the future diaphragma, not 
shown) separates the cavitates pleurales from the cavitas abdominis, 
resulting in the complete partitioning of the initially single body cavity. 


B OverView of the phases of lung development olare. The first three stages end before or at birth (see C). 

The development of the lungs can be roughly divided into four phases: Note: The phases can overlap. 

tempora pseudoglandulare pulmonis, canaliculare, sacculare, and alve- 


Phase of development Before birth (weeks of development) Developmental stages 


Tempus pseudoglandu¬ 
lare pulmonis 

5-17 

Division of the arbor bronchialis up to the bronchioli terminales. 
Bronchioli respiratorii and alveoli have not yetformed. 

Tempus canaliculare 

16-25 

Division of the bronchioli terminales into bronchioli respiratorii, which 
subdivide into ductuli alveolares with alveoli. 

Tempus sacculare 
(tempus sacci terminalis) 

24 until birth 

Primitive alveoli form and are in contact with capillaries. Epithelial cells 
begin to differentiate into specialized pneumocyti typi 1 and II. Pulmones 
are capable of a limited degree of respiration. 


After birth 


Tempus alveolare 

Around birth until 8 to 10 years after birth 

Large increase in the number of alveoli as a resuit of further divisions. 
Differentiation of mature alveoli and formation of the blood-air barrier. 
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C Development of the lungs: Alveolar formation and lung 
maturation 

Alveolar development occurs simultaneously with the previously men- 
tioned stages in lung development (see B). From the formation of the 
gemmae pulmonales around the 5th week to the formation of the bron¬ 
chioli terminales around the 17th week, the primitive pulmones resem- 
ble an endocrine gland (thus, the tempus pseudoglandulore pulmonis, 
see B). The alveoli are stili unexpanded and resemble an acinous gland 
with an exit duct. During the subsequent tempus canaliculare, the arbor 
bronchialis subdivides repeatedly into progressively smaller branches, 
with the bronchioli respiratorii being the smallest bronchi that exhibit 
alveolar precursors. Cuboidal epithelial cells of the bronchioli respirato¬ 
rii proliferate to form flat alveolar epithelial cells, which make contact 
with the capillaries (b; morphological correlate to the blood-air barrier). 
This process results in the formation of primitive alveoli (b). By the end 
of the 7th month, sufficient numbers of alveoli guarantee that a prema- 
ture infant is capable of breathing on its own. In the last two months be- 
fore birth ( tempus sacci terminalis), the lungs enlarge as a resuit of con- 
tinuous branching of the arbor bronchialis and an increasing number of 
bronchioli respiratorii and alveoli. The first sacci alveolares form (see D, 
p. 25), and blood capillaries protrude into the alveolar spaces (c). In the 


alveoli, the epithelium further differentiates into pneumocyti typi I and 
typi II (see p. 147). The pneumocyti typi II produce surfactantum pul¬ 
monale, a phospholipid, that reduces surface tension in alveoli, thus en- 
abling the lungs to expand with the newborn’s first breath. At the time 
of birth, only 15-20% of the eventual number of alveoli have formed! 
There are around 300 million alveoli in a mature lung. The remaining 
80-85% develop over the next 8-10 years as the lungs continuously 
produce new alveoli through differentiation (the tempus alveolare). 

Note: Fetal lungs contain fluid (amniotic fluid and bronchial secretions). 
When the newborn takes its first breath, air replaces this fluid. The ex- 
pansion of the lungs is the resuit of air replacing lung fluid, not enlarge- 
ment or distension of the lungs. Surfactantum alveolare lowers the sur¬ 
face tension to such a degree that the ventilated alveoli can expand and 
remain open. Congenital absence of surfactantum leads to respiratory 
distress syndrome (RDS), which is life threatening. In cases of RDS, sur¬ 
factantum is administered therapeutically by direct intrapulmonary ap- 
plication. Despite these measures, lung development and maturation is 
stili a critical phase in embryonic development: Failure of the lungs to 
develop properly is among the most common causes of death in new- 
borns. 


Upper portion of oesophagus 




Lower portion 
ofoesophagus 




D Development of the trachea and lungs: Abnormalities 

a Normal case; b-f Abnormalities. 

Abnormalities in the development of the trachea, including irregular 
separation from the praeenteron, lead to various malformations that 
may or may not involve Communications between the trachea and oe¬ 
sophagus. Often, the upper portion of the oesophagus ends blindly (b 
and c). This requires immediate corrective surgery because the infant 


is unable to ingest milk into its stomach. If the oesophagus remains in 
communication with the trachea it is called a tracheoesophageal fis¬ 
tula. There are several types (b, d-f), and they can lead to aspiration 
(“breathing in”) of milk resulting in constant inflammation of the tra¬ 
chea and lungs (the infant coughs after drinking milk). Tracheoesopha¬ 
geal fistulas must be surgically corrected. 
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4. Digestive System 


4.1 OverView of the Digestive System 


Introduction 

Function, localization, and terms: The digestive organs break down 
ingested solids and fluids, absorbs their nutrients, and excrete the re- 
maining substances that the body can‘t use (digestion). The organs form 
a continuous tube from the head to the pelvis minor, and thus traverse 
the body cavities in the thorax, abdomen, and pelvis. The entire system 
is also referred to as the “digestive apparatus,” and the portions that are 
contained in the body cavities are called the “gastrointestinal tract” In 
addition to the usual terms of location and direction, the terms “oral 
and “aboral” are used when discussing the digestive system. They refer 
to direction along the longitudinal axis of the tract: “oral” = “toward the 
mouth” (os = mouth), “aboral” = “away from the mouth.” 

Structure of the digestive apparatus and processing of food: The di¬ 
gestive system is made up of a continuous series of tube-like organs 
that transports a bolus of food in an oral to aboral direction. In the first 
portion of this tube system (cavitas oris to gaster), food is broken up 
into small pieces. The next, and longest, portion (intestinum tenue to 
colon) is responsible for absorption of nutrients and water. The terminal 
portion (rectum and canalis analis) is responsible for temporary storage 
and controlled excretion (defecation) of feces. In the digestive system: 

• Solid food is broken up, mixed with water and converted into a bolus 
(chyme). Enzymes in the gaster (stomach) and intestinum tenue di- 



gest the food into absorbable components. Most of the nutrients are 
absorbed through the epithelial cells lining the intestinum tenue and 
into vasa capillaria. They are then transported by the v. portae hepa¬ 
tis to the hepar (liver) where they are further metabolized. Fats, how- 
ever, are absorbed directly into vasa lymphatica, and they bypass the 
portal venous system and hepatic metabolism. 

• Water is mostly absorbed by the intestinal wall and into vasa capil¬ 
laria or lymph ocapillaria. As part of the regulation of the osmotic 
pressure of blood, the renes (kidneys) also control water excretion 
and resorption (see urinary organs, p. 40). 

Additional factors that aid digestion: The gaster and portions of the 
intestinal tract are in constant motion in order to churn the bolus and 
propel it along the digestive tract. The movement of the bolus in the 
aboral direction toward the rectum is called peristalsis. The pars enter¬ 
ica systematis nervosi, which is the gastrointestinal tract’s intrinsic ner- 
vous system, Controls peristalsis. Glandulae, which are either attached 
to the tube system or located directly in the systenVs walls, secrete hy- 
drochloric acid, enzymes, and other substances that mix with the bolus 
and water to aid digestion. Parts of the lymphatic system (tonsillae and 
lymph follicles in the intestinal wall) are also located in the gastrointesti¬ 
nal tract and play an important role in the body’s immune system. 


A Regional organization of the digestive organs 

Digestive organs and associated structures are are located in the follow- 
ing regions: 

In the head and upper part of the neck: 

• Cavitas oris with fauces at the transition between mouth and phar¬ 
ynx 

In the middle and lower part of the neck, and in the thorax: 

• Partes oralis and laryngea pharyngis 

• Oesophagus with partes cervicalis and thoracica 

In the abdomen: 

• Pars abdominalis of oesophagus 

• Gaster 

• Intestinum tenue with duodenum, jejunum, and ileum 

• Intestinum crassum with caecum, appendix vermiformis, and colon 
(ascendens, transversum, descendens, and sigmoideum). 

In the pelvis: 

• Intestinum crassum with rectum and canalis analis. 

Glandulae involved in digestion and their locations: 

• Gll. salivariae (submandibularis, sublingualis, and parotidea as well as 
gll. salivariae minores in the cavitas oris) 

• Pancreas in the abdomen 

• Hepar with vesica biliaris in the abdomen 

Numerous small gll. are present in the walls of the digestive organs 
from the oesophagus to the rectum. 
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B Cavitas oris, fauces, pharynx, oesophagus, and gaster 
In the cavitas oris the dentes (teeth), lingua (tongue), and gll. salivariae 
chop food into small pieces and moisten it with saliva. The three paired 
gll. salivariae majores, sublingualis, submandibularis, and parotidea, se¬ 
crete saliva into the cavitas oris through their ducts. 

Fauces and pharynx: The cavitas oris connects to the pharynx through 
the fauces. The pharynx, which is also a part of the respiratory system, is 
divided into three sections. The lower portion of the pharynx , the pars 
laryngea pharyngis, connects to the oesophagus. In some textbooks, 
the entire pharynx is considered part of the neck. 

Oesophagus and gaster: The pharynx is continuous with the oesoph¬ 
agus, which traverses the thorax and diaphragma and ends in the gas¬ 
ter. The function of the oesophagus is to transport fluids and food to 
the gaster, where the food bolus is further broken down by the gaster’s 
churning. The bolus is mixed with acids to help denature proteins, and 
enzymatically digested. Over time the bolus is parceled out into the in¬ 
testinum tenue through the ostium pyloricum. 



C Intestinum tenue, intestinum crassum, and abdominal glandulae 
(hepar, vesica biliaris, and pancreas) 

Intestina tenue and crassum: The upper portion of the intestinum tenue, 
the duodenum, is a C-shaped structure located behind and beneath the 
hepar. The subsequent parts of the intestinum tenue, the jejunum and il¬ 
eum, are difficult to distinguish from one another. Their multiple loops are 
located behind the anterior abdominal wall and are surrounded by the in¬ 
testinum crassum. While nutrients are absorbed along the entire length 
of the intestinum tenue, the intestinum crassum absorbs primarily water 
and electrolytes. Stool is evacuated from the rectum. 

The hepar is located in the right upper quadrant of the abdomen (a). The 
hepar metabolizes the nutrients and other compounds that are brought 
to it from the intestinum crassum through the venous portal system (see 
p. 13). The hepar produces bile, which it delivers to the duodenum via the 
ductus choledochus. Bile, which emulsifies fats to ease their absorption, is 
stored in the vesica biliaris located beneath the hepar. The pancreas (b) is 
located in the craniodorsal part of the abdomen close to the duodenum 
and consists of two glands: 

• An exocrine gland, which discharges a watery, enzyme-rich secretion 
into the duodenum through the ductus pancreaticus. These enzymes 
aid in the digestion of substrates. 

• An endocrine gland (the insulae pancreaticae), which produce several 
compounds including the hormones insulin and glucagon which regu¬ 
late blood sugar levels. 
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D Schematic cross-section illustrating the histology of the 
gastrointestinal tract 

AII segments of the gastrointestinal tract are divided into four layers: 

• Tunica mucosa: an epithelial layer surrounding the lumen. 

• Tela submucosa: a layer of connective tissue surrounding the tu¬ 
nica mucosa; contains vasa sanguinea and lymphatica and nn. auto¬ 
nomici. 

• Tunica muscularis: the layer surrounding the tela submucosa; con¬ 
sists of an inner stratum circulare and an outer stratum longitudinale 
of smooth muscle. 

• Tunica adventitia or tunica serosa (depending on its location in the 
gastrointestinal tract): the outermost layer that attaches the gastro¬ 
intestinal tract to its surroundings. 
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4.2 Development and DifFerentiation of the Gastrointestinal Tract 


Introduction 

The digestive organs are located in the head, neck, and major body cav- 
ities. Their complex development influences the structure of the body 
cavities, and thus their development will be discussed in relation to that 


of the body cavities. When development is complete there is a con- 
tinuous tube extending from the cavitas oris (“entrance”) to the anus 
(“exit”). The hepar and vesica biliaris, and the pancreas, discharge their 
secretions into this tube in the abdomen. 
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A Development of the gastrointestinal tract: OverView (after 
Sadler) 

a OverView; b Midsagittal section of an embryo at the beginning of 
the 5th week. 

The primitive canalis digestorius is derived from the dorsal part of the 
saccus vitellinus, which is incorporated into the body of the embryo. 
The formation of two intestinal portals divides the primitive canalis di¬ 
gestorius into three sections: 

• The cranially located praeenteron 

• The mesenteron (the longest portion of the gut) 

• The caudally located metenteron 

Cranially and caudally the primitive canalis digestorius ends blindly. The 


cranial end of the praeenteron is closed by the membrana oropharyn¬ 
gea and the caudal end of the metenteron by the membrana cloacalis. 
The two membranes lie in contact with two ectodermal depressions. 
The depression at the cranial end is called the stomodeum and at the 
caudal end it is called the proctodeum. At first, the initially very short 
mesenteron is in direct communication with the saccus vitellinus along 
its entire length. During embryonic folding additional portions of the 
saccus vitellinusbecome incorporated into the developing mesenteron. 
The mesencephalon is a continuation of the praeenteron at the ostium 
rostrale enteri, and the metenteron is a continuation of the mesenteron 
at the ostium caudale enteri. The metenteron is connected to the allan¬ 
tois, which is an outpouching of the caudal wall of the saccus vitellinus 
in the early embryo (see b). 
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B Development of the gastrointestinal tract from the three germ 
layers 

The organs of the gastrointestinal tract are derived from the three germ 
layers. 


30 


















































Structure and Development of Organ Systems 


4. Digestive System 


Stomodeum 


Cavitas oris 


Meten¬ 
te ron 


(Cloaca) 


Anal pit 


•SI- 

\ 


Connect upon obliteration 
of the membrana oropharyngea 


Cranial portion 
of praeenteron 


Pharynx 


Pulmones and trachea 
Oesophagus 


Caudal portion 
of praeenteron 


Ostium 
rostrale enteri 


Ostium 
caudale enteri 


Gaster 


Duodenum 


(pars superior) 


Duodenum 


Hepar 

Pancreas 


(pars descendens/ 
horizontalis/ascendens) 

Jejunum and Ileum 


Caecum 


Appendix vermiformis 


Colon ascendens 
Colon transversum (oral 2 A) 


Colon transversum (aboral V3) 


Colon descendens 
Colon sigmoideum 

Rectum 
Canalis analis 



connect upon 
obliteration of the 
membrana cloacalis 


C Differentiation of the gastrointestinal tract 

The primitive canalis digestorius gives rise to all parts of the digestive 
tract. The epithelium of the gut tube is derived from endoderma (see 
B). The membrana oropharyngea and membrana cloacalis, which are 
lined on the outside with ectoderma, break down later in development 
to allow the canalis digestorius open access to the external environment 
(see p. 37). 

• The praeenteron divides into a cranial portion, which gives rise to the 
pharynx, and a caudal portion, which gives rise to the oesophagus, 
gaster and the pars superior of the duodenum (see p. 32). The di¬ 
verticulum laryngotracheale, which will develop into the trachea and 
lungs, marks the boundary between the two portions of the praeen¬ 
teron (see p. 25). 

• The mesenteron gives rise to the remainder of the intestinum tenue 
as well as the colon ascendens and oral 2 A of the colon transversum. 

• The metenteron gives rise to the remainder of the colon and the rec¬ 
tum. The expanded caudal end of the metenteron is called the clo¬ 


aca. Both the rectum and part of the urogenital system develop from 
the cloaca. 

The ostium rostrale enteri marks the border between the praeenteron 
and mesenteron. It is located along the duodenum and it gives rise to 
the hepar, vesica biliaris and pancreas. The junction between the mes¬ 
enteron and metenteron is called the ostium caudale enteri and it lies 
between the oral % and aboral of the colon transversum. This re- 
gion, also referred to as the Cannon-Boehm-point, plays a significant 
role in the arrangement of the colon‘s autonomic innervation. The sto¬ 
modeum develops into the cavitas oris and the proctodeum gives rise 
to the canalis analis. The epithelial lining of both structures is derived 
from ectoderma and is continuous with the outer lining of the mem¬ 
branae oropharyngealis and cloacalis. At these two sites, the endoder- 
mal and ectodermal epithelium are adjacent to each other. The oblit¬ 
eration of the membranae oropharyngealis and cloacalis results in the 
primitive canalis digestorius becoming open to the embryo‘s external 
environment. 
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4.3 Mesenteria and Primordia of the Digestive Organs in the 
Caudal Praeenteron Region; Stomach Rotation 


Introduction 

Two processes are crucial for the embryologi- 

cal development of the digestive organs: 

• The rotation of the gaster in the caudal fore- 
gut (see p. 34) 

• The rotation of the intestinal loop (the loop- 
shaped fetal canalis digestorius, see p. 36) 
in the midgut and hindgut. 


A Mesenteries of the canalis digestorius in 
the embryo (overview) 

The oesophagus, gaster, and pars superior of 
the duodenum originate from the caudal por- 
tion of the praeenteron. Like all organs of the 
digestive system in the abdomen and pelvis, 
they have a mesenterium dorsale (a passage- 
way extending from the posterior wall of the 
cavitas peritonealis to the posterior wall of the 
organ). In the area surrounding the gaster and 
the pars superior of duodenum, there is also 
a mesenterium ventrale. It arises from the an¬ 
terior wall of the cavitas peritonealis and at- 
taches to the anterior wall of the organs. The v. 
umbilicalis carries oxygenated blood from the 
placenta to the liver and v. cava inferior of the 
embryo through this mesenterium ventrale. 
Due to this additional mesenterium, the cavi¬ 
tas peritonealis at the level of the gaster and 
duodenum is divided into a left and a right half 
(see p. 34). 
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B Mesenteries of the caudal praeenteron in 
the embryo 

The following organs arise from the duodenal 
epithelium and grow into the mesentera of 
the duodenum and gaster (see A): 

• The ductus hepaticus and biliaris grow into 
the area between meso duodenum ventrale 
and meso gastrium ventrale. 

• The gemma pancreatica ventralis and 
gemma pancreatica dorsalis grow into the 
mesoduodenum ventrale and mesoduode¬ 
num dorsale, respectively. 

In the 5th week, the splen, a lymphatic organ 
(not a digestive organ), migrates from mesen- 
chyma in the spatium retroperitoneale located 
dorsal to the cavitas peritonealis, to the me¬ 
sogastrium dorsale. Thus, both the splen and 
gemma pancreatica dorsalis are located in the 
mesenterium dorsale. During stomach rotation 
(see D), the mesenteria shift along with the or¬ 
gans they contain (see p. 34). The terminology 
for the mesenteria in the mature organism is 
indicated in E. 
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C Fusion of the gemmae pancreaticae dorsalis and ventralis 

(after Sadler) 

Schematic view of the caudal praeenteron from the left side. The two 
gemmae pancreaticae form as outgrowths from the duodenal epithe¬ 
lium (a) into the mesenteria ventrale and dorsale (see B). The gemma 
pancreatica ventralis develops in close association with the bile ducts. 
It migrates with the developing bile ducts around the right side of the 
duodenum toward the gemma pancreatica dorsalis (b) (for the effect of 
stomach rotation on the gemma pancreatica ventralis see p. 34). Both 
gemmae pancreaticae fuse and their ducts anastomose, forming the 
ductus pancreaticus, and, when present, a ductus pancreaticus acces¬ 
sorius. 


D Stomach rotation 

Ventral view. At the beginning of the 5th week, the gaster rotates clock- 
wise 90 degrees around its longitudinal axis (see arrows). At the same 
time, it grows wider with the left wall (original dorsal wall) growing 
faster than the right wall (original ventral wall). This differential growth 
forms the curvaturae major and minus. The entire gaster also rotates 
clockwise around an anteroposterior axis and now sits obliquely in the 
abdomen. The curvatura major now points to the left and downward, 
and the curvatura minor points to the right and upward. The mesenteria 
of the stomach are also affected by the asymmetrical growth and rota¬ 
tion of the stomach: the mesogastrium ventrale shifts to the right and 
upward, and the mesogastrium dorsale shifts to the left and downward. 
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E Mesentery terminology in the caudal praeenteron: Comparison 
of embryonic and mature organisms 

As a resuit of the rapid growth of the hepar and splen in the embryo, 
both mesenteria of the stomach, the mesogastria dorsale and ventrale, 


are further subdivided into a mesohepaticum ventrale and dorsale and 
a mesosplenicum ventrale and dorsale. In the mature organism, these 
mesenteria are referred to as omenta and ligaments. 


Term in the embryonic organism 

Term in the mature organism 

Mesogastrium ventrale with subsections 


• Mesohepaticum dorsale (“in the back of the hepar”) 

• Omentum minus; connection from hepar to curvatura minor of the gaster and pars superior of 
duodenum; divided into 

- lig. hepatogastricum (hepar to gaster) with flaccid and hard portions 

- lig. hepatoduodenale (hepar to duodenum ) 

• Mesohepaticum ventrale (“at the front of the hepar”) 

• Connection between liver and anterior trunk wall; divided into 

- lig. falciforme 

- lig. teres hepatis (contains the obliterated v. umbilicalis) 

Mesogastrium dorsale with subsections 

• At the level of the primordium splenis 

• Part of omentum majus as well as other ligaments: 

- mesosplenicum ventrale (“at the front of the 

- lig. gastrosplenicum (part of omentum majus, gaster to splen) 

splen”) 

- lig. phrenicosplenicum (diaphragma to splen) 

- dorsal mesosplenicum (“in the back of the splen”) 

- lig. splenorenale (splen to ren and posterior wall of cavitas peritonealis) 

• Above the primordium splenis 
(no anatomical terms for the embryonic organism) 

- lig. gastrophrenicum (part of omentum majus, gaster to diaphragma) 

• Below the primordium splenis 

- lig. gastrocolicum (part of omentum majus, gaster to colon transversum) 

(no anatomical terms for the embryonic organism) 

- lig. phrenicocolicum (posterior wall of cavitas peritonealis to flexura coli sinister) 


Note: In the mature organism, all structures arising from the mesogastrium dorsale are often referred to as omentum majus. 
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4.4 Stomach Rotation and Organ Location in the Caudal Praeenteron 
Region; Formation of the Bursa Omentalis 
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A Effects of gaster rotation on its mesenteria and on the position 
of organs in the caudal praeenteron region 

a-c Horizontal section of the embryonic abdomen in successive stages 
of development; viewed from above; d Spatial representation of a, 
viewed from the left and above. 

Duodenum: Gaster rotation moves the duodenum to the right and 
slightly up. By the time gaster rotation ends, the duodenum is bent into 
a C-shape with the open side facing left. As the duodenum rotates to 
the right its mesoduodenum ventrale rotates with it. This affects the 
position of the gemma pancreatica ventralis that is developing in the 
mesoduodenum. In addition to its migration as illustrated on page 
33, this rotation moves the gemma pancreatica ventralis toward the 
gemma pancreatica dorsalis. 

Pancreas: The gemmae pancreaticae ventralis and dorsalia fuse as the 
duodenum rotates clockwise. Initially they lie in the abdomen in an 
oblique position, but rotation further shifts the fused gemmae towards 
the posterior wall of the cavitas peritonealis. The peritoneum viscerale 
of the pancreas and duodenum then fuse with the peritoneum parietale 
on the posterior wall of the cavitas peritonealis. Thus, the pancreas and 
duodenum are secondarily retroperitoneal, and the anterior side of 
both organs is covered by peritoneum parietale. 


Hepar: Since the developing hepar lies in the ventral mesogastrium, 
it is shifted to the right and upward along with the mesogastrium. Its 
peritoneal membrane is attached to the peritoneum covering the dia¬ 
phragma. As the hepar grows it contacts the diaphragma and the peri¬ 
toneum of both the hepar and diaphragma disintegrates at the area of 
contact. The portion of the hepar not covered by peritoneum is referred 
to as the area nuda. The portion on the diaphragma is called the hepatic 
surface of the diaphragma. The rest of the hepar remains intraperito- 
neal. However, due to its rapid growth, it moves dorsally and closer to 
the right ren, which keeps the right ren slightly more inferior than the 
left. 

Bile ducts: The portion of the bile duct adjacent to the hepar will form 
the ductus hepatici. The portion of the bile duct that opens into the 
duodenum runs through the lateral edge of the omentum minus (the 
lig. hepatoduodenale). The extrahepatic ductus biliares are thus largely 
intraperitoneal, but portions become secondarily retroperitoneal after 
coursing through the pancreas to join with the ductus pancreatici close 
to the duodenum. 

Splen: Gaster rotation moves the primordium splenis, which lies in the 
mesogastrium dorsale, to the left. It remains intraperitoneal within the 
mesogastrium. 
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B Development of the bursa omentalis (after Sadler) 

Gaster and mesogastria; a-c Horizontal sections of the abdomen, su¬ 
perior view; d and e Sagittal sections, viewed from the left. The upper 
arrows in c-e point to the foramen omentale, which is the only physi- 
ological opening into the bursa omentalis. The lower arrow in e shows 
the deepening pouch formed by the omentum majus. 

As the gaster and mesogastria rotate, the originally right wall of the gas¬ 
ter is shifted posteriorly, and the left wall of the gaster anteriorly. The 
mesogastria dorsale and ventrale are stili holding gaster in place, and as 
a resuit of the rotation, the original right side of the cavitas peritonea¬ 
lis becomes enclosed posterior to the stomach. This space is called the 


bursa omentalis, and its borders are demarcated 

• posteriorly by the posterior wall of the cavitas peritonealis (anterior 
to the already retroperitonealized pancreas, see Ac), 

• anteriorly by the posterior wall of the gaster and both of the mesoga¬ 
stria, 

• to the right by the hepar, 

• to the left by the splen, 

• superiorly by the diaphragma (diaphragma not visible here), 

• inferiorly by an outpouching of the mesogastrium dorsale (between 
layers of the omentum majus). 


C Development of the caudal region of the praeenteron: 

Summary and peritonealization 

The following processes are crucial for the formation of mature struc- 


tures. They overlap in time, but are presented here in chronological or- 
der to aid clarification. 
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4.5 Rotation of the Intestinal Loop and Development 
of Mesenteron and Metenteron Derivatives 
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A Rotation and differentiation of the ansa umbilicalis intestini 

(after Sadler) 

a OverView of the ansa umbilicalis intestini: embryo viewed from left 
side, 5th week of embryonic development; b Direction of rotation of 
the ansa umbilicalis intestini: anterior view of abdomen; c-e Rotation 
of the ansa umbilicalis intestini, viewed from left side (in c, the gaster 
has not yet rotated); f Gastrointestinal tract after the rotations of the 
gaster and ansa umbilicalis intestini are complete, anterior view. 

In the mesenteron and metenteron (at the level of intestinum tenue and 
crassum) a second rotation occurs between the 6th and 11 th week of 
embryonic development, the “rotation of the ansa umbilicalis intestini.” 
The entire ansa umbilicalis intestini rotates along an axis formed by the 
a. mesenterica superior and the ductus omphaloentericus (vitellointes- 
tinalis) (c). Viewed from the front, the rotation is counterclockwise (d 
and e). The ansa rotates 270 degrees as the canalis digestorius elon- 
gates. The crus proximale of the intestinal loop grows rapidly into the 
coiled jejunum and ileum (e and f). The caudal portion grows into the 


terminal portion of the ileum, the caecum, and appendix vermiformis 
(see B), and the intestinum crassum, which encloses the coils of the 
ansa umbilicalis intestini (f). Thus, rotation of the intestinal loop can be 
divided into three phases: 

• the cranial and caudal parts of the ansa umbilicalis intestini rotation 
90 degrees counterclockwise (c), 

• the rotated loops shift to the right upper quadrant and rotate an ad- 
ditional 180 degrees (d and e); 

• the region of the ileocecal junction and colon ascendens descends 
into right lower quadrant (f). 

Note: The first phase in the rotation of the ansa umbilicalis intestini (the 
first 90 degrees) occurs outside the cavitas abdominis in the extraem- 
bryonic cavity in the funiculus umbilicalis at the start of the 6th week 
(c). This rotation outside of the body cavity is referred to as physiolog- 
ical umbilical herniation. In the 10th week, the intestinal coils return 
back to the cavitas abdominis. 
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B Development of the caecum and appendix vermiformis 

(after Sadler) 

In the 6th week of development the caecum starts to form in the crus 
distale of the ansa umbilicalis intestini at the junction of the intestinum 
tenue and intestinum crassum (a). Between the 7th and 8th weeks, as 
the caecum is enlarging, the worm-like appendix vermiformis begins to 
form (b). The caecum develops into a blind sac at the beginning of the 
colon ascendens (c). The ileum opens perpendicularly into the junction 
of the caecum and colon ascendens. The development of the caecum 
occurs outside of the cavitas abdominis, and it is the last part of the in¬ 
testinal tube to return to the cavitas abdominis. 
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C Retroperitonealization of the colon ascendens and descendens 

(after Moore and Persaud) 

Horizontal sections of the abdomen, superior view. 

Following rotation of the ansa umbilicalis intestini, the cola ascendens 
and descendens lie on the right and left sides of the cavitas abdominis 
(a). They are in direct contact with the posterior wall of the cavitas peri¬ 
tonealis, and they fuse to the posterior wall along with their mesente¬ 
ria (b). Thus, the cola ascendens and descendens become secondarily 
retroperitoneal. However, the colon transversum, positioned anterior to 
portions of the intestinum tenue, remains intraperitoneal and retains 
its mesenterium (the mesocolon transversum). The jejunum and ileum 
also remain intraperitoneal and retain their mesenteric connection to 
the posterior wall of the cavitas peritonealis. 


D Fusion of the omentum majus (after Moore and Persaud) 

Sagittal sections of the abdomen, viewed from the left. The omen¬ 
tum majus (derived from the mesogastrium dorsale, see p. 33) extends 
down from the curvatura major of the gaster. As it grows downward, its 
two layers partially fuse with one another and with the colon transver¬ 
sum and the mesocolon transversum (a). This forms a pouch-like space 
between the bottom part of the gaster and the upper part of the colon 
transversum (b), which marks the inferior boundary of the bursa omen¬ 
talis (see p. 35). The fused part of the omentum majus, which connects 
the gaster with the colon transversum, is called the lig. gastrocolicum. 
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E Development of the cloaca (after Sadler and Moore/Persaud) 
a-d Pelvic viscera of the fetus, viewed from the left side; e Anterior 
view of the mature anorectal canal. 

Together with the urinary tract, the terminal portion of the metenteron 
enters into the cloaca. A transverse ridge of mesenchyma called the sep¬ 
tum urorectale grows toward the membrana cloacalis (which is closing 
off the cloaca) (a and b). In about the 7th week of development the sep¬ 
tum urorectale divides the cloaca into an anterior sinus urogenitalis, 
which gives rise to parts of the urogenital system, and posterior ano¬ 
rectal canal (c). Both are stili closed by the membrana cloacalis, which is 


now divided into an anterior urogenital membrane and a posterior analis. 
The corpus perineale forms at the junction of membranae urogenitalis 
and anal membranes. Mesenchymal swellings form at the margins of the 
pars analis membranae cloacalis and, as a resuit, the pars analis mem¬ 
branae cloacalis lies in a depression called the fovea analis (d). By the 
end of the 9th week, the pars analis membranae cloacalis ruptures and 
the rectum is in open communication with the body’s exterior (e). Thus, 
the rectum consists of two parts: the upper portion that develops from 
the metenteron, and the lower portion that develops from the cloaca. 


37 










































Structure and Development of Organ Systems 


4. Digestive System 


4.6 Summary of the Development of the Mesenteron and 
Metenteron; Developmental Anomalies 


A Development of the mesenteron and metenteron: Summary and two processes: “rotation of the ansa umbilicalis intestini” and “perito- 
peritonealization neal relationships and formation of the cloaca.” 

The development of the midgut and metenteron can be divided into 



B Summary of the rotational motion of the canalis digestorius and peritoneal relationships 


Organ rotation 

Leads to the following organ positions 

Which results in the following peritoneal relationships 

Rotation of the gaster along 
with its mesogastria ventrale 
and dorsale 

• Hepar and vesica biliaris in the right upper quadrant 

• Splen in the left upper quadrant 

• Most of the duodenum and the entire pancreas become 
attached to the posterior wall ofthe cavitas peritonealis 

• Intraperitoneal with omentum minus, lig. falciforme 
and lig. teres hepaticum 

• Intraperitoneal 

• Secondarily retroperitoneal 

Rotation of the ansa 
umbilicalis intestini along 
with its mesenteria 

• Crus proximale of the ansa forms two segments of the 
intestinum tenue, the jejunum and ileum, along with 
their mesenteria 

• Crus distale forms the intestinum crassum and rectum 
along with their mesocolon and mesorectum: the 
inestinum crassum and rectum form a frame around the 
intestinum tenue 

• Colon ascendens, colon descendens, and rectum 
become attached to the posterior wall of the cavitas 
peritonealis 

• Mesenterium remains and the jejunum and ileum are 
intraperitoneal 

• Colon transversum and colon sigmoideum retain their 
mesocola and remain intraperitoneal 

• Colon ascendens, colon descendens, and rectum lose 
their mesenteria and are secondarily retroperitoneal 
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C Developmental anomalies of the gastrointestinal tract 

The anomalies listed here, some of which are quite rare except for Meck- 
el’s diverticulum, vary considerably in their pathological significance. A 
complete occlusion or extreme narrowing of the lumen in the gastroin¬ 
testinal tract is usually fatal without treatment. Mild degrees of narrow¬ 
ing can remain asymptomatic. The twisting of intestinal segments can 
cause obstructions that often lead to life-threatening conditions. 


Duodenal atresia 

Solid duodenum without lumen 

Duodenal stenosis 

Narrowing of the duodenal lumen (e.g., by an 
annular pancreas) 

Biliary atresia 

Congenital or acquired obstruction of some or 
all extrahepatic bile ducts 

Annular pancreas 

Duodenal stenosis (see above) caused by a 
circle of pancreatic tissue 

Omphalocele 

Extracorporeal protrusion of the intestinum 
tenue at the umbilicus due to failure of the 
rotated intestinal loop to retract 

Malrotation 

Abnormal orfailed rotation ofthe intestinal 
loop (see E) 

Volvulus 

Twisting of intestinal segments caused by 
failure of fixation ofthe mesenterium; risk of 
getting ileus 

Intestinal stenosis 

Narrowing ofthe intestinal lumen 

Intestinal atresia 

Complete occlusion ofthe intestinal lumen, if 
not treated this is incompatible with life 

Meckel’s diverticulum 

Failure of regression of the ductus vitellointesti- 
nus with potential ileal diverticulitis (see D) 


Duodenum Colon transversum 



E Developmental anomalies of the gastrointestinal tract: 
Malrotation (after Sadler) 

Ventral view. As long as the intestinal segments do not become twisted 
and do not lose gastrointestinal motility (see C, volvulus), the following 
types of malrotations may remain asymptomatic. 

a Rotation of only 90 degrees instead of 270. The intestinum crassum 
remains to the left of the intestinum tenue and doesn’t form a frame 
around the intestinum tenue. 

b Clockwise rotation (viewed from the front). The intestinal loop ro- 
tates clockwise instead of counterclockwise. The initially caudal part 
of the loop comes to lie behind the cranial part and the colon trans¬ 
versum crosses posterior to the intestinum tenue. 


Umbilical fistula 

Ventral Meckel’s through persistent 

bodywall diverticulum ductus omphaloentericus 



Obliterated ductus Cyst in ductus 

a omphaloentericus b omphaloentericus c 


D Remnants of the ductus vitellointestinalis (after Sadler) 

The ductus vitellointestinalis, initially patent in the embryo, usually is 
completely 

obliterated and lost as a connection between the ileum and trunk wall. 
Occasionally, however, the obliteration is incomplete or leaves a cord of 
connective tissue that attaches the ileum to the anterior trunk wall. This 
can have various manifestations: 

a The wall of the ileum is partially outpouched and a fibrous cord re¬ 
mains. A Meckel‘s diverticulum forms (usually located 40-60 cm 
cranial to the valva ileocaecalis), which is subject to inflammatory 
changes and often contains ectopic gastric or pancreatic tissue. 
b A cyst remains within the fibrous cord. This cyst may cause com- 
plaints and must be differentiated from a tumor, 
c The ductus vitellointestinalis remains patent over its entire length, 
resulting in an umbilical (or vitelline) fistula. In extreme cases, por- 
tions of the intestinum tenue may herniate at the umbilicus and be¬ 
come inflamed. If a remnant of the ductus vitellointestinalis persists 
as a fibrous cord between ileum and umbilicus, mobile small intes¬ 
tinal loops may wrap around it and become strangulated (intestinal 
paralysis, or ileus, which is often fatal if untreated). 


Vesica urinaria Uterus Symphysis pubica Vesica urinaria 



F Malformation of the canalis analis (after Sadler) 

Pelvic viscera, viewed from the left side. In 1 out of 5000 births, the pars 
analis membranae cloacalis fails to rupture. As a resuit, the rectum is 
not connected to the outside environment. The two most frequent de¬ 
velopmental anomalies are presented below: 

a Imperforate anus: The pars analis membranae cloacalis fails to break 
down. 

b Anorectal atresia (with fistula formation): Malformations of the sep¬ 
tum urorectale, with the canalis analis missing, may create a non- 
physiological fistula between the rectum and the perineum or the 
urogenital system, and in females between the rectum and the va¬ 
gina. 

Both of these conditions require surgical correction. 
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5. Urinary System 


5.1 OverView of the Urinary System 


Introduction 

The urinary organs extend from the abdomen through the pelvis. Since 
they are closely related to the genital organs, both groups of organs are 
often referred to collectively as urogenitol organs. For didactic reasons, 
both systems will be discussed separately in the following chapters. 

The urinary organs help regulate the level of water and minerals in the 
body, and thus help regulate osmotic pressure. They excrete end prod- 
ucts of body metabolism and harmful substances into a watery fluid, 
the urine (the excreted metabolites are dissolved in the water com¬ 
ponent of urine). By regulating the amount of water in the body, the 


renes also influence blood pressure. Through excreting or retaining so- 
dium, potassium, calcium and chloride ions, they are involved in regu¬ 
lating the level of these important electrolytes in blood. In addition, the 
blood’s acid-base balance is influenced by the excretion or retention of 
hydrogen ions. Many pharmaceutical substances are excreted through 
the renes. The renes also influence blood pressure by producing the en- 
zyme renin, and the formation of red blood cells by producing the hor- 
mone erythropoietin. Lastly, they also play an important role in vitamin 
D metabolism. 



Ren sinister 


Ureter sinister 


Vesica 

urinaria 
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masculina 


Arteriola Arteriola glomerularis 
glomerularis afferens efferens 



Tubular 

system 



A OverView of the urinary organs 

Male urinary organs, anterior view. The urinary system consists of the 

following organs: 

• the paired renes, which continuously produce urine; 

• the paired ureteres, which transport urine from the renes to the ves¬ 
ica urinaria; 

• the unpaired vesica urinaria, which temporarily Stores and discharges 
urine in a controlled manner; and 

• the unpaired urethra. In women it is called the urethra feminina and 
it is solely a urinary organ, whereas in men it is called the urethra 
masculina and it is also a genital organ. In the urinary system, the 
urethra is involved in discharging urine from the vesica urinaria to 
the outside of the body. In men it is also serves as a passageway for 
sperm. 


B Basies of urine production 

The nephron, illustrated above, is the smallest functional unit of the 
renes (see p. 44). 

In the glomeruli, richly branched capillary loops, which are supplied by 
branches of the aa. renales, drain an ultrafiltrate of blood called primary 
urine into a system of tubules. Adults produce approximately 170 liters 
of primary urine in 24 hours. However, in the tubular system, the pri¬ 
mary urine is concentrated to 1 % of its volume (by reabsorption of elec¬ 
trolytes and water back into the blood), and based on its composition, 
further modified with electrolytes and hydrogen ions. The volume of fi- 
nal urine formed in 24 hours is 1 -2 liters. The final urine drains through 
ductus metanephrici colligentes into the pelvis renalis and then it is car- 
ried by the ureteres to the vesica urinaria. 
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5. Urinary System 
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C Location of the renes and ureteres 

Horizontal section of the body at the level of 
the first vertebra lumbalis, viewed from above. 
Both renes are embedded in a fatty, connec¬ 
tive tissue capsule (capsula adiposa). They are 
located in the spatium retroperitoneale with 
one on either side of the columna vertebra¬ 
lis. The spatium retroperitoneale also contains 
the ureteres (not visible in this section), which 
extend downward to the pelvis minor to reach 
the vesica urinaria. The hilum of each ren faces 
medially and anteriorly (red axes). 



Vesica urinaria 


Symphysis 

pubica 

Urethra 

masculina 


b 



D Location of the vesica urinaria and 
urethra 

Midsagittal section of a female (a) and male 
(b) pelvis, each viewed from the left side. 

In both sexes, the vesica urinaria is located 
in the pelvis minor behind the symphysis pu¬ 
bica. In females it is situated in front of both 
the vagina and the uterus, and in males it is in 
front of the rectum. Depending on its degree 
of distension, the vesica urinaria is flattened 
or spherical. The vesica urinaria is straight and 
short, while the urethra masculina traverses 
the penis and bends multiple times along its 
course. 
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5. Urinary System 


5.2 Development of the Renes, Pelvis Renalis, and Ureteres 
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A OverView of the embryonic development of the urinary organs 

The embryonic development of the urinary organs is complex and over- 
laps with the development of the genital and digestive organs: 

• overlap with the genital system: the development of some parts of 
the male reproductive system (see p. 52) is closely related to the de¬ 
velopment of the ductus mesonephrici, ureteres, and sinus urogeni¬ 
talis. 

• overlap with the digestive system: the canalis analis is derived from 
the cloaca. 

The development of the urinary system can be divided into the devel¬ 
opment of the paired renes and ureteres, and development of the un- 
paired vesica urinaria and urethra. The renes and ureteres arise from 
the mesenchyma intermedium. The vesica urinaria and urethra develop 
from the sinus urogenitalis, which formed from the ventral portion of 
the cloaca in the region of the future pelvic floor (see p. 37). The sinus 
urogenitalis is derived from endoderma. Thus, the urinary organs are 
derived from two germ layers. Over the course of development the two 
sets of urinary organs will connect with each other. 
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B The urogenital ridge (crista mesonephrica) 

Posterior body wall of the embryo, viewed from the front and above. 
The renal and internal genital primordia border each other. They bulge 
ventrally into the body cavity in the form of two ridges: the chorda 
nephrogenica and the crista gonadalis or crista mesonephrica. The de- 
veloping gonadae lie anteromedially to the developing ren systems. The 
ductus paramesonephrici (Mullerian ducts), which in females develop 
into the tubae uterinae and uterus, lie anterolaterally to the renal pri¬ 
mordia. 
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C Renal primordia in the mesenchyma intermedium 

a Cross-section of an embryo, approx. 21 days, cranial view; b Embryo 
viewed from the left (unlike a, this figure does not depict a stage in the 
embryonic development but rather shows the location of the develop¬ 
ing renal primordia and what it would look like if they all existed in the 
embryo at the same time). 

The renes develop as pairs in a specialized region of the mesoderma, the 
mesenchyma intermedium, which becomes further differentiated in the 
posterior body cavity. In cervical and upper thoracic regions it becomes 
segmented and forms nephrotomi. It remains unsegmented in lower 
thoracic and abdominal regions and forms chordae nephrogenicae. Re¬ 
nal development within the mesenchyma proceeds in three successive 
steps. From cranial to caudal the three systems formed are as follows: 

• Pronephros in the cervical and upper thoracic regions 

• Mesonephros in the lower thoracic and abdominal regions 

• Metanephros in the abdominal and pelvic regions 

The pronephros is nonfunctional and completely degenerates while the 
mesonephros is developing. During development, the mesonephros 
produces urine for a short period. Most of the mesonephros system 
also degenerates. The portions that remain are the tubuli mesonephrici, 
which form the ductuli efferentes testis (see p. 54), and the ductus me¬ 
sonephricus (Wolffian duct). Initially, the ductus mesonephricus devel- 
ops adjacent to the pronephros, but soon becomes associated with the 
mesonephros. While the pronephros is stili degenerating, the caudally 
located metanephros develops. Together with part ofthe ductus meso¬ 
nephricus it forms the definitive ren. 

Note: The definitive ren, which in adults sits just below the diaphragma, 
develops in the pelvic region and ascends only secondarily (ascent of 
the renes, see D). 


42 






























Structure and Development of Organ Systems 


5. Urinary System 


Septum 

urorectale 

Cloaca 



Mesonephros 


Ductus meso- 
nephricus 
(Wolffian duct) 
Metanephros 


Gemma ureterica 


a 


Septum 

urorectale 

Cloaca 


\ 

b 








V 




Mesonephros 

Gonad 

primordium 

Ductus meso- 
nephricus 
(Wolffian duct) 

Metanephros 

Gemma ureterica 



c 


Remainder 
of mesonephros 

Gonad 

primordium 

Ductus meso- 
nephricus ( 
Wolffian duct) 

Ureter 




D Development of the ureter and ren 

Gemma ureterica and metanephros (a), as well as ascent of the renes 
(b-d), viewed from the left side; e-h Further development of the meta¬ 
nephros (for location of the crista mesonephrica see B). 

a The metanephros develops during the 5th week in the most caudal 
portion of the mesenchyma intermedium. It is also called the blas¬ 
tema metanephrogenicum. The gemma ureterica sprouts from the 
ductus mesonephricus adjacent to the blastema and grows into the 
metanephros. The initially short stalk of the gemma ureterica elon- 
gates further and develops into the ureter. The tip of the gemma, 
which has entered into the metanephros, differentiates into compo- 
nents of the definitive ren (the pelvis renalis with its calices, and the 
ductus metanephrici colligentes system) (e-h). 

Note: At this stage, the ureter is not in direct contact with the cloaca, 
which gives rise to the vesica urinaria. Rather, the ureter opens indi- 
rectly into the cloaca via the ductus mesonephricus. However, the 
other end of the ureter is already connected to the ren. 
b-d The metanephros and gemma ureterica grow from the pelvic re- 
gion in a cranial direction and later come to lie just below the dia¬ 
phragma (ascent of the renes). This ascent is partially the resuit of a 
reduction of bending and increased growth of the sacro-lumbar re- 
gion of the embryo. If a ren fails to ascend the resuit is referred to as 
a ren pelvicus. While the renes are ascending, the gonadae descend 
along with the remnants of the mesonephri (descent of the gona¬ 
dae). 

e-h The gemma ureterica enlarges after invading the metanephros 
and develops into the pelvis renalis with 2-3 calices renales majores 
(f). In the course of continuous branching into numerous tubuli, the 
gemma enters deeper into the metanephros (g). Within the ren, the 
“tubuli” form ductus metanephrici colligentes (h), which converge 
into groups close to the calices and empty into them through papil¬ 
lae renales. The last generation of ductus metanephrici colligentes 
does not divide further. Thus, the gemma ureterica gives rise to the 
following: 

• Ureter 

• Pelvis renalis 

• Calices renales 

• Papillae renales with ducts 

• Ductus metanephrici colligentes with tubuli metanephrici conglu¬ 
tinati cum ampullis tubulorum colligentium (see p. 44) 

Note: The blastema metanephrogenicum forms the urine producing 
part of the definitive ren, and the gemma ureterica forms the collect- 
ing system. 
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5. Urinary System 


5.3 Development of IMephrons, and the Vesica Urinaria and 
Ureteres; Developmental Anomalies 
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A Development of nephrona 

The nephronum is the smallest functional unit of the ren. It consists of a 
capillary tuft, through which primary urine is discharged into the renal 
tubular system in a process called ultrafiltration. Within this tubular Sys¬ 
tem, primary urine is concentrated into secondary or final urine through 
reabsorption of electrolytes and water (see p. 40). Nephron development 
is the final step necessary for the metanephros to become functional and 
proceeds in two stages: 

• A vascular system is connected to the renal tubular system (for urine 
formation). 

• The tubular system is connected to the collecting duct system (for 
urine discharge). 

Nephron formation is induced by branching of the gemma ureterica, 
with each terminal ductus colligens being covered by a galeo meta- 


nephrogenica (a). Cells of the galea metanephrogenica move laterally 
and develop into vesiculae renales (b). Each vesicula gives rise to a small 
tubulus metanephricus sigmoideus (c). While segments of the tubulus 
continue to differentiate and elongate, its distal end, connects it to a 
ductus colligens (d). Its proximal end (capsula glomerularis, Bowman’s 
capsule) becomes invaginated by a tuft of vasa capillaria (the glomer¬ 
ulus), which is supplied by a branch of the a. renalis (e). Continuous 
lengthening and differentiation of the tubuli resuit in the formation of 
the tubular system including the ansa nephroni (loop of Henle) (f). The 
ansa nephroni helps to concentrate primary urine (approximately 170 li- 
ters of primary urine is produced in 24 hours) to 1 % of its volume to pro¬ 
duce the final urine. At the start of the 13th week, almost 20% of neph¬ 
rona are functional and can form urine. 
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B Development of the vesica urinaria and urethra 

Embryo viewed from the left side at 5 (a), 7 (b) and 8 weeks (c), d ap- 
prox. 10 weeks. 

The development of the vesica urinaria and urethra leads to a system 
concerned with the temporary storage and release of urine. Both struc- 
tures are derived from the cloaca, the common excretory organ of the 
urinary and digestive systems. The septum urorectale, a wedge of cau- 
dally-growing connective tissue, completely divides the cloaca into two 
parts; an anteriorly located sinus urogenitalis and a posteriorly located 


anorectal canal (a-c). As the septum urorectale grows caudally it fuses 
with the membrana cloacalis, dividing it into an anteriorly located uro- 
genital membrane and a posteriorly located pars analis membranae clo¬ 
acalis. The point of fusion becomes the corpus perineale. As the mem¬ 
brana cloacalis disintegrates, the sinus urogenitalis and anorectal canal 
become connected to the outside of the body. The cranial part of the 
sinus urogenitalis gives rise to the vesica urinaria, and the pelvic part to 
the urethra (d). 
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C Development of the connection between the ureteres and vesica 
urinaria 

Dorsal view of the vesica urinaria and ductus mesonephrici. Initially, the 
ureteres are not in direct contact with the cloaca but open into it via 
the ductus mesonephrici (a). As the vesica urinaria further differentia- 
tes and grows, the caudal portions of the ductus mesonephrici get in- 
corporated into the wall of the vesica urinaria as they continue to move 
caudally. For a short period of development, the ductus mesonephrici 
and ureteres share a common opening into the vesica urinaria (b). Af- 
ter further incorporation of the ductus mesonephrici into the wall of the 
vesica urinaria, the ductus mesonephrici and ureteres are no longer in 
contact, and the ureteres open into the posterior wall of the vesica uri¬ 


naria through their own connection (c). The ductus mesonephrici con¬ 
tinue to move caudally until they reach the region of the urethra (d). In 
males the prostata arises as an outgrowth of the urethra in the region of 
the ductus mesonephrici (e), and the ductus mesonephrici differentiate 
into the ductus deferens (see E and p. 52 and 54). In females, the ductus 
mesonephrici regress afterthe ureteres have become embedded in the 
wall of the vesica urinaria, and only two remnants, the epoophoron and 
paroophoron, remain (see p. 52 and 54). 

Note: The incorporation of the mesodermal ductus mesonephrici and 
ureteres into the posterior wall of the vesica urinaria takes place over a 
broad, triangular area (c, d). As a resuit mesodermal tissue grows into 
the endodermally-lined vesica urinaria. 



D Developmental anomalies of the urinary system 

a A ren fails to ascend resulting in a ren pelvicus. 

Note: The gll. suprarenales develop in the upper gll. suprarenales, and 
the ascending renes stop just below the gll. suprarenales. Thus, in this 
figure, the right ren remains in the pelvis, and the right gl. suprarenalis 
is in its correct location. 

b The two chordae nephrogenicae fuse resulting in a ren ungulifor- 
mis (horseshoe kidney); c Duplicated ureter (ureter bifidus; the gemma 
ureterica splits, resulting in two ureteres); d Split ureter (ureter du¬ 
plex); e Ureter ectopicus (there are two gemmae uretericae; the ureter 


ectopicus atypically drains into the urethra or vagina). 

These developmental anomalies may lead to hydronephrosis and sub- 
sequent bacterial pyelonephritis. The flow of urine can be obstructed 
which leads to bacteria migrating from the vesica urinaria to the pelvis 
renalis. Additionally, an atypical ureter, for instance one that drains into 
the vagina instead of the vesica urinaria, can lead to irritation of the va¬ 
gina due to the continuous release of urine. The vaginal epithelium may 
become inflamed by hypertonic urine, leading to infection. In this case, 
bacteria migrating up the ureter may lead to bacterial pyelonephritis. 


E Summary: Development of 
the urinary organs 

Summary of the embryonic struc- 
tures and the definitive body 
parts and organs they give rise to. 
Only functionally relevant struc- 
tures are listed. 
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6. Cenita! System 


6.1 OverView of the Genital System 


Introduction 

Function and terms: The genital organs, which in humans are sex-spe- 
cific, are responsible for producing offspring. In mammals, including hu¬ 
mans, the primary function of the reproduction system in males and 
females is to produce haploid cells (gametes) in specialized organs (the 
gonodae), which then fuse in the female organism to form a diploid zy- 
gote. During sexual intercourse, male gametes are propelled out of the 
male’s reproductive tract and into the female reproductive tract where 
they fuse with the female gametes ( conceptiori ). The initially single- 
celled organism, the zygote, is transported to the uterus where further 
embryonic development takes place. At the end of pregnancy ( gesta- 
tion), the baby is delivered through the birth canal. In mammals, the 
male is only involved in conception, whereas the female reproductive 
system helps create optimal conditions for the fetus to grow and to en- 
sure a timely delivery. In both sexes, gender-specific hormones (sex hor- 
mones), which are produced in the gonadae, control these functions. 
These hormones determine the development and function of both the 
reproductive organs and the secondary sex characteristics of the indi- 
vidual organism. 

Classification: The organization of the male and female reproductive 
Systems can be classified in various ways: 

• Topographically (see A): the internal genital organs (within the body 
cavity) and the external genital organs (outside of the body cavity). 

• Functionally (B and C): as organs responsible for producing gametes 
and hormones (the gonadae), as organs involved in transport (of 
gametes), as organs involved with incubation and copulation, and as 
glands associated with the organs. 

• Ontogenetically (see p. 4). 

Functional differences between male and female genital systems: 

Both sexes produce gametes, which in males are referred to as sperma¬ 
tozoo and in females as oocytes. While spermatozoa are continuously 
produced from primordial germ cells (spermatogonia) from puberty 
until old age (several dozen millions per day), the number of oocytes 
is already determined at birth (they can only differentiate into fertiliz- 
able germ cells—one egg ripens each menstrual cycle). The production 
of spermatozoa, and thus offspring, in males is possible from puberty 
until old age. In females the ability to reproduce is limited to a period 
ranging from the differentiation of the first ovum in the woman’s first 
menstrual cycle (menarche, onset around ages 13-14) to the differen¬ 
tiation ofthe last ovum (menopause, onset varies considerably, approx. 
between ages 40-60). It is important to keep in mind that mature eggs 
released in one ofthe first or last menstrual cycles may be less fertiliz- 
able. 


A Male and female internal and external genitalia* 


Male 

Female 

Internal 

Testis 

Ovarium 

genitalia 

Epididymis 

Uterus 


Ductus deferens 

Tuba uterina 


Prostata 

Gl. vesiculosa 

Gl. bulbourethralis 

Vagina (upper portion) 

External 

genitalia 

Penis and urethra 

Scrotum and 
coverings ofthe 
testis 

Vestibulum vaginae 

Labia majora and minora 

Mons pubis 

Gll. vestibulares majores and 


minores 



Clitoris 


* The female external genitalia (pudendum femininum) are known 
clinically as the vulva. 


B Functions of the male genital organs 


Organ 

Function 

Testis 

Germ-cell production 

Hormone production 

Epididymis 

Reservoir for sperm 
(sperm maturation) 

Ductus deferens 

Transport organ for sperm 

Urethra 

Transport organ for sperm and 
urinary organ 

Accessory sex glands 
(prostata, vesiculae seminales, 
and gll. bulbourethrales) 

Production of secretions 
(semen) 

Penis 

Copulatory and urinary organ 


C Functions of the female genital organs 


Organ 

Function 

Ovaria 

Germ-cell production 

Hormone production 

Tuba uterina 

Site of conception and 
transport organ for zygote 

Uterus 

Organ of incubation and 
parturition 

Vagina 

Organ of copulation and 
parturition 

Labia majora and minora 

Copulatory organ 

Gll. vestibulares majores and 
minores 

Production of secretions 
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6. Genital System 



D OverView of the male genital organs 

Schematic representation of the male genital organs, viewed from the 
left side. 

Note: The urethra masculina is part of both the male urinary system and 


the male reproductive system. The male gonadae, the testes, lie outside 
the body cavity in a pouch of skin called the scrotum. 



E OverView of the female genital organs 

Schematic representation of the female genital organs, viewed from the 
left side. 

Note: The urethra feminina opens into the vestibulum vaginae. How- 


ever, unlike in males, the urethra feminina is not part of the female re¬ 
productive system. The female gonadae, the ovaria, are located in the 
cavity of the pelvis minor. 
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6. Cenital System 


6.2 Development of the Gonadae 


Ontogeny-based classification of the genital organs 

Embryological structures involved in the formation of male and female 
genital organs: 


• Derivatives of the sinus urogenitalis adjacent to the perineal region: 

- in both sexes the sinus urogenitalis gives rise to the urethra. In males 
the urethra and the associated prostata are also part of the genital sys- 


• Derivatives of the gonadal primordia: They give rise to the gonads 
and develop from epithelium coelomicum and mesoderma in the 
crista gonadalis (see A-C). 

• Derivatives of the ductus mesonephrici and paramesonephrici (see p. 
50). They give rise to major parts of the genital tracts: 

- in males the ductus mesonephricus gives rise to the ductus deferens; 

- in females the ducti paramesonephrici gives rise to the tubae uterinae, 
uterus and part of the vagina 

• Derivatives of the perineal region: The tubercula genitalia, plicae clo¬ 
acales, and tubercula labioscrotalia give rise to the external genitalia 
(see p. 55). 

Aorta Glomerulus 


tem; 

- in females the sinus urogenitalis gives rise to part of the vagina. 

Note: In males and females, the development of both the gonadae and 
the duct system initially pass through an indifferent stage (stadium neu¬ 
trale) in which gender is not morphologically distinguishable. Over sub- 
sequent stages, only one gender-specific duct system fully develops in 
each sex, while the other regresses. In some people, nonfunctioning 
remnants of the regressed duct system can become clinically significant 
(e.g., Gartner‘s duct cyst, see p. 54). 
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A Development of the cristae gonadales and gonada primordia; 
Germ cell migration 

Schematic view of embryo: a With saccus vitellinus, viewed from the 
left side; b-c Horizontal sections, superior view; d and e Spatial repre- 
sentations of b and c. 

a At the beginning of the 4th week, the spherical cellulae germinales 
praecursoriae are recognizable for the first time in the saccus vitel¬ 
linus. 

b and d Cristae gonadales and gonad primordia: The initial primor¬ 
dia of the gonadae, which will develop into testes in males and ovaria 
in females, are the paired, morphologically indifferent cristae gonad- 
ales. However, their future differentiation into testes or ovaria has al- 
ready been genetically determined. The cristae gonadales lie along 
the posterior wall of the body cavity medial to the mesonephric re¬ 
gion of the chordae nephrogenicae. Together, the chordae nephro- 
genicae and cristae gonadales protrude into the coelomic cavity as 
the cristae urogenitales. 


Note: The initial gonada primordia do not yet contain germ cells. They 
migrate secondarily from the wall of the saccus vitellinus starting in 
the 6th week. 

cand e Development of the gonadae and migration of germ cells: Af- 

ter the 3rd week, the cristae gonadae start to develop as a resuit of 
proliferation of the epithelium coelomicum and the underlying em- 
bryonic connective tissue called mesenchyma (c). The epithelial cells 
invade the mesenchyma and form chordae sexuales primordiales go¬ 
nadales, which in both males and females are stili in contact with the 
epithelium coelomicum. In the 6th week, the cellulae germinales prae¬ 
cursoriae in the wall of the saccus vitellinus (a), migrate to the gonada 
primordia by way ofthe mesenterium dorsale. Germ cell migration (c 
and e), leads to the formation ofthe indifferent gonadae in males and 
females. At the start ofthe 7th week, the morphological differentia¬ 
tion ofthe gonadae becomes apparent as they begin to develop into 
testes (male embryo) or ovaria (female embryo, see C). 
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B Development of the testes 

Cross-section of the developing testis and ductus genitales in the male 
embryo, viewed from above (a) and from the front (b). 

The chordae sexuales primordiales continue to grow and extend into 
the medulla of the gonadal primordia where they form the chordae sex¬ 
uales primordiales testis (chordae testiculares). The chordae adjacent to 
the hilum anastomose to form a network of tubules, the future rete tes¬ 
tis. The chordae testiculares lose contact with the epithelium coelomi¬ 
cum and are separated from it by a connective tissue layer called the 
tunica albuginea. Around the 4th month, the ends of the chordae tes¬ 
ticulares opposite from the hilum form horseshoe-shaped loops, which 
become continuous with the rete testis at the hilum. The solid chor¬ 
dae testiculares are now composed of spermatogonia (from the cellu¬ 
lae germinales praecursoriae) and sustentocyti (Sertoli cells) (from the 
surface epithelium of the gonadal primordium). Around the 7th—8th 
week, endocrinocyti interstitiales (Leydig cells) in the interstitial mes- 
enchyme between the chordae start producing the gender-specific hor- 
mone testosterone. The testosterone induces the gender-specific de¬ 
velopment of the ductus genitales. The testis starts to descend from its 
position high up in the cavitas abdominis, through the canalis inguinalis 
and into the scrotum. Its location in the scrotum indicates mature de¬ 
velopment in the male newborn. At the onset of puberty (around age 
12-13) the chordae testiculares become canalized and are now called 
tubuli seminiferi. The tubuli seminiferi are now connected to the rete 
testis, which in turn connect with the ductuli efferentes testis (remnants 
of the tubuli mesonephrici). The ductuli efferentes open into the ductus 
deferens, which was derived from the ductus mesonephricus (induced 
by testosterone). 


C Development of the ovarium 

Cross-section of developing ovarium and ductus genitales in a female 
embryo, viewed from above (a) and from the front (b). 

Chordae sexuales primordiales also grow into the ovarium. Ingrowths of 
mesenchyma penetrate the chordae and divide them into cell clusters 
of various sizes. The cell clusters shift to the center of the ovarium and 
are replaced by a highly vascularized tissue, which will form the medulla 
ovarii. Around the 7th week, epithelial extensions from the epithelium 
coelomicum of the ovarian primordia again penetrate into the ovarian 
mesenchyme and form a second generation of cords called the chordae 
folliculogenicae. These cords, unlike the chordae sexuales primordiales, 
remain closer to the surface. In the 4th month, the chordae folliculo¬ 
genicae are divided by ingrowths of mesenchyme into single, smaller 
cell clusters. These cell clusters then surround one or more germ cells. 
The germ cells become oogonia, and the surrounding layer consist- 
ing of chorda folliculogenica epithelial cells develops into the folliculo- 
cyti primordiales (b). Surrounding mesenchyma forms the theca follic¬ 
uli around the follicles. Over the course of development, the ovarium 
descends into the pelvis minor to its definitive position. The tubuli and 
ductus mesonephrici located close to the hilum of the ovarium largely 
degenerate (the nonfunctioning remnants form the paroophoron and 
epoophoron, see p. 54). 
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6.3 Development of the Ductus Genitales 
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A Differentiation of the ductus mesonephrici and 
paramesonephrici 

Cross-section of the developing gonadae and ductus genitales, viewed 
from the front 

Similar to the gonadae, the ductus genitales pass through an indif- 
ferent stage (stadium neutrale). The embryo has two pairs of ducts: 
the ductus mesonephrici (Wollffian ducts) and the ductus parame¬ 
sonephrici (Mullerian ducts), both of which develop in the crista uro¬ 
genitalis. Both ducts eventually connect with the wall of the sinus 
urogenitalis. The ductus mesonephricus is a derivative of the mes- 
enchyma intermedium, while the ductus paramesonephricus devel- 


ops from a longitudinal invagination of the epithelium coelomicum. 
Two hormones from the developing testis, testosterone and anti-Mulle- 
rian hormone (AMH), largely determine the fate of both ducts. In male 
fetuses, testosterone stimulates the differentiation of the ductus me¬ 
sonephrici, while AMH causes degeneration of the ductus parameso¬ 
nephrici. Absence of these hormones leads to degeneration of the non- 
urinary portions of the ductus mesonephrici, and to persistence of the 
ductus paramesonephrici. 

Note: In both male and female embryos the ductus mesonephrici give 
rise to the ureteres. 


Male embryo 

• Chordae sexuales primordiales testis (chordae testiculares) form the 
rete testis. 

• Some tubuli mesonephrici connect with the rete testis. 

• The remaining tubuli mesonephrici degenerate. Remnants form the 
nonfunctioning paradidymis. 

• The ductus mesonephricus gives rise to the ureter, and to the epidid¬ 
ymis and ductus deferens (which gives rise to the gl. vesiculosa and 
ductus ejaculatorius). 

• The prostata develops from urethral epithelium (not shown).The 
ductus deferens and gl. vesiculosa connect with the ductus 
excretorius of the prostata. The colliculus seminalis is a remnant of 
the tuberculum sinuale, the utriculus prostaticus is a remnant of the 
ductus paramesonephricus. 

• AMH causes degeneration of the ductus paramesonephrici. 


Female embryo 

• Chordae sexuales primordiales ovarii degenerate. 

• Tubuli mesonephrici don‘t connect with other structures. 

• AII tubuli mesonephrici degenerate. Remnants form the nonfunction¬ 
ing epoophoron and paroophoron. 

• The ductus mesonephricus gives rise to the ureter, and the remaining 
parts of the duct degenerate. Nonfunctioning remnants may persist 
adjacent to the vagina in the form of a Gartner‘s duct (ductus 
longitudinalis epoophori). 

• Parts of the ductus paramesonephrici fuse: the upper portions form 
the paired tubae uterinae, the lower portions form the uterus (see C). 


• The ductus mesonephrici degenerate in the absence of testosterone. 
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B Development of the ductus genitales in the female embryo: 
Development of the uterus, tubae uterinae, and vagina 

Anterior view (a-c) and view from the left side (d) of the developing 
tubae uterinae, uterus and vagina. 

As development continues, the upper part of the ductus parameso- 
nephrici become horizontal in position while the lower parts remain 
in vertical. The horizontal parts remain separated and develop into the 
tubae uterinae. The end of the upper part of the ductus paramesoneph- 
rici retains its open connection with the cavitas coelomica (which later 
becomes the cavitas peritonealis). This distal opening is called the os¬ 
tium abdominale tubae uterinae and it projects toward the ovarium. 
The lower parts of the ducts fuse, forming the canalis uterovaginalis. 
The septum that initially separated the ducts resorbs resulting in a sin- 
gle cavitas uteri. The lower part of the fused ducts further grows cau- 
dally toward the sinus urogenitalis. Shortly before reaching it, they 


merge with a cranial evagination of the sinus urogenitalis called the 
bulbi sinuvaginales. The bulbi sinovaginales form the solid lamina va¬ 
ginae (b). The lamina vaginae continues to extend upward. Canaliza- 
tion of the lamina vaginae proceeds from the caudal end toward the 
cranial end and is completed by the 5th month (b). As a resuit of the 
upward growth, the distance between the developing uterus and sinus 
urogenitalis increases. The lamina vaginae forms the lower vagina, and 
the ductus paramesonephrici form the upper vagina. A thin membrane 
of connective tissue called the hymen separates the vagina from the si¬ 
nus urogenitalis (c, d). Failure of the dutus paramesonephrici to fuse 
completely, or of the septum between them to degenerate completely, 
results in a uterus duplex or uterus septatus (for possible variations see 
D). Failed canalization of the lamina vaginae leads to partial or complete 
vaginal atresia. 
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C Fusion of the cristae mesonephricae in the female embryo 

Horizontal sections of the abdomen in a female embryo, viewed from 
above. a Protruding cristae mesonephricae; b Cristae mesonephricae 
approaching each other; c Fusion of the cristae mesonephricae. 

As a resuit of continuous proliferation of mesodermal tissue, the cristae 
mesonephricae protrude into the cavitas coelomica. At the same time, 
both ductus paramesonephrici shift medially until they are in contact 
with each other. The ductus paramesonephrici fuse to form the canalis 
uterovaginalis, which together with the fusion of the cristae mesoneph¬ 
ricae results in a layer of connective tissue located in the pelvis minor. 
This sheet of connective tissue extends laterally from the developing 
uterus and is called the plica lata uterina. The plica lata divides the cavi¬ 
tas peritonealis in the pelvis minor into anterior and posterior pouches: 

• Anterior to the uterus (and posterior to vesica uterina, not shown 
here): the excavatio vesicouterina 


• Posterior to the uterus (and anterior to rectum): the excavatio rec¬ 
touterina. 

Note: As the cristae mesonephricae shift position, the developing ovaria 
shift from an anterior position to a medial position and finally to a pos¬ 
terior position. Thus the definitive ovaria lie in the posterior aspect of 
the plica lata. 

The ductus paramesonephrici originally develop lateral to the ductus 
mesonephrici. As a resuit of the shifting cristae mesonephricae and the 
fusion of their caudal portions, the fused ductus paramesonephrici lie 
medial to the ductus mesonephrici in the lower part of the cavitas coe¬ 
lomica. The ductus mesonephrici give rise to the ureteres, which thus 
traverse the plica lata on their way from the renes to the vesica urinaria. 


D Developmental anomalies 

Anterior view of the developing uterus and vagina. Several defects can 
arise from failed fusion of the ductus paramesonephrici. Incomplete fu¬ 
sion (a-c) with uterus duplex (and/or vagina duplex); rudimentary horn 
on one side of the uterus (d); atresia of the cervix (e); vaginal atresia (f). 
Developmental defects of the developing vagina, mainly atresia, may 
resuit from anomalies of the sinus urogenitalis. 
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6.4 Comparison of Gender Differences and Relationship to the 
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A Comparison of genital development in both sexes, and 
relationships to the urinary system 

Schematic representation of the development of the male (a) and fe- 
male (b) genital Systems. Nonfunctioning embryonic remnants are not 
shown here (see A, p. 54). The relationship of the genital system to the 


urinary system, which is similar in both sexes, is shown here to illustrate 
the close relationship between the two systems. 

Note: Chordae sexuales primordiales develop in both the male and female 
gonadal primordia. They degenerate in females and are replaced by sec- 
ondary cords, the chordae folliculogenicae, which are involved in the de- 
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velopment of folliculi. In males, the chordae sexuales primordiae become 
chordae testiculares, which develop into the tubuli seminiferi. Chordae 
folliculogenicae don’t develop in the testes. Development of a male phe- 
notype requires testosterone (development of the male ductus geni¬ 
tales) and anti-Mullerian hormone (AMH, causes regression of the ductus 


paramesonephrici). Ifthesetwo hormones are absent—orthe ducts don’t 
respond to them due to a lack of hormone receptors—a female pheno- 
type develops even in the absence of estrogen. 
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6.5 Comparison of Embryonic and Mature Structures 


A Comparison of embryonic and mature structures 

OverView of development in both sexes. Some embryonic structures 
develop into functionally active mature structures, while others form 


nonfunctioning remnants. A male vs. female comparison of the struc¬ 
tures listed in the following table is illustrated on the following page. 


Embryonic primordium 

Definitive structure in the 
male 

Definitive structure 
in the female 

Nonfunctioning 
remnants in the male 

Nonfunctioning 
remnants in the female 

Indifferent gonad with 

• Cortex 

• Medulla 

Testis with 

• Tubuli seminiferi 

• Rete testis 

Ovarium with 

• Follicles 

• Stroma ovarii 



Tubuli mesonephrici 

Ductuli efferentes 


Paradidymis 

Epo- and paroophoron 

Ductus mesonephricus 
(Wolffian duct) 

• Epididymis 

• Ductus deferens 

• Ductus ejaculatorius 

• Gl. vesiculosa 

• Ureter 

• Pelvis renalis and calices 
renales, ductus 
metanephrici colligentes 

• Ureter 

• Pelvis renalis and calices 
renales, ductus 
metanephrici colligentes 

Appendix epididymidis 

Ductus longitudinalis 
epoophori (Gartner’s 
duct) 

Ductus paramesonephri- 
cus (Mullerian duct) 


• Tuba uterina 

• Uterus 

• Superior portion of vagina 

Appendix testis 

Appendix vesiculosa 
(hydatid of Morgagni)ni 

Sinus urogenitalis 

• Prostata 

• GL bulbourethralis 

• Vesica urinaria 

• Urethra masculina 

• Inferior portion of vagina 

• Gll. vestibulares majores 
and minores 

• Vesica urinaria 

• Urethra feminina 

Utriculus prostaticus 


Tuberculum genitale 
(Phallus) 

Corpus cavernosum penis 

Clitoris, glans clitoridis 



Plicae urethrales secundar¬ 
iae 

• Corpus spongiosum penis 

• Glans penis 

• Labia minora 

• Bulbus vestibularis 



Tubercula labioscrotalia 

Scrotum 

Labia majora 



Gubernaculum 


• Lig. ovarii proprium 

• Lig. teres uteri 
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B Development of the internal genitalia 

Embryonic primordia of the genital organs, and the mature organs, an¬ 
terior view. For clarity, the representation of the primordia and the ma¬ 
ture organs does not correspond with their actual sizes. 

Note: The internal genital organs are located in the pelvis minor or out- 
side the body in the scrotum. With the descent of the gonadae, the gen¬ 


ital tracts, which develop from the ductus mesonephrici in males and 
the ductus paramesonephrici in females, move downward as the go¬ 
nadae descend. Thus, the ducts shift from a craniocaudal orientation to 
a horizontal position (the tuba uterina in females) or to an almost up- 
side-down position (the ductus deferens in males). 
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C Development of the external genitalia 

Schematic representation of the developing external genitalia, inferior 
view. 

In both sexes, the urethra develops from the sinus urogenitalis. In the 
male the urethra becomes part of both the urinary and reproductive 
Systems. In the female the urethra is only a urinary organ, even though 
it is located directly anterior to the vaginal opening and between the 
labia of the external genitalia. The female internal and external genita¬ 
lia are completely separated from the urinary organs; however, due to 
their close topographical relationship, developmental anomalies of one 
system may affect the other (such as a urethral-vaginal fistula where 
there is an abnormal connection between the urethra and vagina). 
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7.1 OverView of the Lymphatic System 
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A Lymphatic organs and vessels 

The lymphatic system, which is widely distributed throughout most of 
the body, consists of organa lymphoidea and vasa lymphatica. It has 
three main functions: 

• Immunological defense (organa lymphoidea and vasa lymphatica). 
The main function of the immune response is to distinguish “self” 
from “non-self” (orforeign) substances (such as pathogens, ortrans- 
planted tissues) and destroy the “nonself” substances. 

• Transport of interstitial fluid to venous blood (vasa lymphatica) 

• Removal of lipids from the intestinum tenue while bypassing the he- 
patic portal system. This allows triglycerides to avoid hepatic metab- 
olism and to be transported directly to organs that can utilize them. 

a Organa lymphoidea: AII organa lymphoidea have a stroma that is 
populated by lymphocytes that originated in medulla ossium (bone 
marrow). They are directly or indirectly responsible for eliminating an- 
tigens (immune response). Antigens are molecules (proteins, carbo- 
hydrates, lipids), which the immune system recognizes as foreign and 
mounts a defense against. 



There are two types of lymphocytes, which can be further subdivided. 
(For more details see immunology textbooks.) 

• B lymphocytes (“B” stands for bone marrow, where the cells are pro- 
duced) differentiate into plasma cells, which produce antibodies. An- 
tibodies are essential components of the humorol immune response. 
Humoral immunity refers to antibodies dissolved in blood and inter¬ 
stitial fluid that bind to antigens. Thus, the plasma cells are not di¬ 
rectly involved in the immune response. 

• T lymphocytes (“T” stands for thymus, where the cells mature) at- 
tack and destroy foreign substances (e.g., virus-infected cells) on di- 
rect contact (cellulor immune response). 

There are both orgono lymphoideo primario (red organs in a) and secund¬ 
aria (green organs in a): 

• In the organa lymphoidea primaria, lymphocytes derived from stem 
cells mature and become immunocompetent cells (meaning they are 
capable of distinguishing between self and nonself substances). 

• From these organa lymphoidea primaria, lymphocytes migrate to 
the organa lymphoidea secundaria where they continue to prolifer- 
ate and mature. They are then able to fulfill their specific roles in the 
immune response. Lymphocytes can leave an organ and enter the 
bloodstream. 

The structure and function of the individual organa lymphoidea will be 
discussed in the respective organ chapters. 

b Vasa lymphatica: Vasa lymphatica (green in a) are part of a tubular 
system that is distributed to all parts of the body (except for the CNS and 
medulla renalis). The vessels are responsible for absorbing fluid from the 
interstitial spaces (it is now called lymph) and transporting it to the ve¬ 
nous blood. Vasa lymphatica start out as tiny, thin-walled capillaries (vasa 
lymphocapillaria), which drain into larger pre-collecting and collecting 
vessels (b). These eventually coalesce into trunci lymphatici. These trunks 
join to form two larger ducts that end at each of the two venous angles 
(the junction of the v. jugularis interna and v. subclavia), (see p. 58). Nodi 
lymphoidei are incorporated into the system of peripheral vasa lymphat¬ 
ica. Vasa lymphatica converge in the nodi lymphoidei, where the lymph is 
filtered and checked for pathogens as it passes through. 
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B OverView of the lymphatic pathways 

Lymphatic pathways play a clinically significant role in the classification 
of tumors and their cells that metastasize to nodi lymphoidei. Since no¬ 
dus lymphoideus metastases are sometimes discovered before the pri- 
mary tumor, the organ where the cancer initiated can be determined 
from the affected nodi lymphoidei. Thus it is crucial to know the lym¬ 
phatic pathways of organs and regions. The classification of lymph ves- 
sels and the nodi lymphoidei associated with them is illustrated below. 
If one follows the pathway the lymph travels from the site of origin until 
it flows into the venous blood stream, the basic classification becomes 
apparent: 



C Lymph formation 

Lymph forms as a ciear fluid in the vasa capillaria by blood ultrafiltration. 
Blood passes through vasa capillaria from the arterial to the venous side 
of the circulatory system. The internal vas capillare blood pressure is 
greater than the colloid osmotic pressure in the vas capillare. As a resuit, 
10% of the fluid from the vasa capillaria remains as interstitial fluid in the 
interstitial space. This 1.8-2 liters of interstitial fluid (over 24 hours) that 
is not returned to the vasa capillaria sanguinea is absorbed by vasa capil¬ 
laria lymphatica (see Ab), and then collected into larger vasa lymphatica 
and trunci lymphatici before it drains into venous blood. The vasa lym¬ 
phatica direct lymph through nodi lymphoidei, and the nodes check the 
lymph for germs and toxins. In cases of purulent inflammation caused 
by bacteria, reddened superficial lymphatic pathways are visible, which 
in layman terms is referred to as “blood poisoning.” 

Note: After a fat-rich meal, lymph from the intestinum tenue is rich in 
emulsified lipoprotein particles (chylomicrons) and thus has a milky ap- 
pearance. Lymph flowing from the intestinum tenue is called chyle and 
the vasa lymphatica of the intestinum tenue are sometimes referred to 
as chyle vessels. 


• Lymph is formed by ultrafiltration from vasa capillaria in the connec¬ 
tive tissue (C). 

• There is a superficial and deep lymphatic network (D). 

• 5 major trunci lymphatici drain lymph from ali areas of the body (see 
P- 58). 

• The nodi lymphoidei incorporated into the lymphatic system can be 
classified according to their location (see p. 59). 



D Superficial and deep lymphatic systems 

There are both superficial and deep lymphatic systems. 

• The superficial lymphatic system is located in and above the superfi¬ 
cial fascia and collects lymph from the cutis (skin) and tela subcuta¬ 
nea (subcutaneus tissue). 

• The deep lymphatic system lies underneath the superficial fascia and 
collects lymph from the organs, muscles, bones, and nerves. 

Only the deep lymphatic system has direct contact with the major 
trunci lymphatici (see p. 58). The superficial lymphatic system trans- 
ports lymph to the deep vasa lymphatica through perforating vessels 
(which penetrate the superficial fascia). The connection between super¬ 
ficial and deep vasa lymphatica is very pronounced in three spots: 

• the sides of the neck 

• the armpit 

• thegroin 

Nodi lymphoidei are also particularly numerous in these sites, where 
they can be readily palpated during clinical examinations. 
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7 . Lymphatic System 


7.2 Lymphatic Drainage Pathways 



A The major trunci lymphatici 

There are 5 major trunci lymphatici, most of them paired, which drain 
lymph from the various regions of the body. Table B lists all the trunci 
and the regions they drain. Generally, all trunci drain into either thed- 
uctus thoracicus or the ductus lymphaticus dexter, both of which empty 
into the venous system. The 3 major lymphatic trunks for the abdomen, 
pelvis, and lower limbs (the truncus intestinalis and the two trunci lum¬ 
bales) merge just beneath the diaphragma into a dilated collecting sac, 
the cisterna chyli. The ductus thoracicus originates from the cisterna 
chyli, traverses the diaphragma through the hiatus aorticus, ascends 
through the cavitas thoracica and eventually drains into the left venous 
angle. On its way it usually receives the left truncus bronchomediastina¬ 
lis as well as the left truncus jugularis and left truncus subclavius. How- 
ever, all these trunks may empty separately into the venous system. 

The right truncus bronchomediastinalis, right truncus jugularis, and 
right truncus subclavius merge to form the very short ductus lymphat¬ 
icus dexter. The ductus lymphaticus dexter drains into the right venous 
angle. 

Note: Except for the truncus intestinalis, all lymphatic trunks are paired, 
corresponding with the organization of the body regions they drain. The 
truncus intestinalis drains the unpaired abdominal viscera (see B). Al- 
though it is unpaired, it can often be divided into multiple (not individ- 
ually named) sub-trunks, which in the nomenclature are collectively re- 
ferred to as trunci intestinales—plural. 


B Organization of the trunci lymphatici and the regions they drain 

Summary of the trunci lymphatici and the body regions they drain. 


Truncus lymphaticus Drainage area 


Head, neck, and upper limbs 

• Left and right trunci 
jugulares 

• Left and right trunci 
subclavii 


Left and right sides of the head and 
neck 

Left and right upper limbs 


Thorax 

• Left and right trunci • Organs, internal structures, and walls 

bronchomediastinales of the left and right thorax 

The trunks located on the right side merge to form the ductus lym¬ 
phaticus dexter. The trunks located on the left side drain into the duc¬ 
tus thoracicus (see below). 


Abdomen, pelvis, and lower limbs 

The ductus thoracicus collects most of the lymph circulating 
throughout the body. The duct is formed by the convergence of 


• The truncus intestinalis 

• The left and right trunci 
lumbales 


• Unpaired abdominal viscera 
(digestive tract and splen) 

• Paired abdominal viscera (renes, 
gll. suprarenales) 

• All pelvic viscera 

• Left and right abdominal walls 

• Left and right pelvic walls 

• Left and right lower limbs 


The ductus thoracicus drains all lymph from areas below the diaphragma 
and from the left side of the body above the diaphragma. The ductus 
lymphaticus dexter only drains the lymph from the right side of the body 
above the diaphragma. Accordingly, it is possible to divide the body into 
4 lymphatic drainage quadrants (see C). 


Region drained 
by ductus 
lymphaticus dexter 



Region drained 
by ductus thoracicus 


C Organization of the body into lymphatic drainage quadrants 

The lymphatic drainage of the body is not symmetrical. Rather, it is or- 
ganized by quadrants. The ductus lymphaticus dexter drains the right 
upper quadrant, and the ductus thoracicus drains the other three quad¬ 
rants. 
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7 . Lymphatic System 



D Classification of nodi lymphoidei (modified after Foeldi) 

Groups of nodi lymphoidei can be classified in different ways. One classi¬ 
fication is based on the direction of lymph flow, and another is based on 
their location relative to the internal organs. 

Classification based on direction of lymph flow: If lymph is classified 
based on the direction it flows (from peripheral tissue to the venous 
system), it usually passes through several serially-connected groups of 
nodi lymphoidei. These nodes are referred to as primary, secondary, 
and tertiary nodi lymphoidei: 

• Primary nodi lymphoidei (nodi lymphoidei regionales) take up lymph 
directly from a circumscribed area of the body (organ; limb; part of 
trunk). The area that passes its lymph to a particular group of pri¬ 
mary nodi lymphoidei (blue or green node, AI or B1) is called the 
tributary region of the specific group of nodes (in the figure labeled 
A-C). 


• Once the lymph leaves the primary nodi lymphoidei, it can be passed 
to subsequent (secondary or tertiary) nodi lymphoidei. Since sec¬ 
ondary nodi lymphoidei often collect lymph from multiple groups of 
primary nodi lymphoidei, they are also referred to as collecting nodi 
lymphoidei (in the figure marked as a multicolored node). 

Note: A group of primary nodi lymphoidei for one tributary region can, 
at the same time, be the secondary or collecting nodi lymphoidei for an¬ 
other region. Thus, the three-colored nodus lymphoideus is a primary 
node for tributary region C (yellow), while at the same time it is also a 
collecting node for primary nodes AI and B1 (blue and green). 

Classification based on location relative to the internal organs: Nodi 
lymphoidei in the abdomen and pelvis are classified as parietales or vis¬ 
cerales depending on their relationship to major vessels and organs: 

• Nodi lymphoidei parietales of the abdomen and pelvis are located ei- 
ther directly adjacent to the major vessels (aorta abdominalis, v. cava 
inferior cava or iliac vessels) or close to the abdominal wall. 

• Nodi lymphoidei viscerales of the abdomen are related to the un- 
paired abdominal viscera, which are supplied by the three major un- 
paired arterial trunks. Groups of nodi lymphoidei viscerales are also 
located next to the organs in the pelvis. These lymph nodes pass their 
lymph primarily to the (parietal) nodi lymphoidei iliaci, which would 
then be considered as collecting nodi lymphoidei for the visceral 
group. 


Nodus 

lymphoideus 

group 

Parietal group 

Visceral group 

Abdominal 

• Nodi lymphoidei 
lumbales sinistri, dextri, 
and intermedii 

• Nodi lymphoidei 
epigastrici inferiores 

• Nodi lymphoidei 
phrenici inferiores 

• Named after organ 
(see p. 214) 

Pelvic 

• Nodi lymphoidei iliaci 
interni, externi, and 

communes 

• Named after organ 
(see p. 215) 


E Embryonic development of organa 
lymphoidea and vasa lymphatica 

The organa lymphoidea and vasa lymphatica 
are derived mostly from mesoderma. 

Note: Growth and development of the thymus 
are not complete until after birth. While the 
other organs develop in the given time frame, 
they mature in function only around the time 
of birth (when the immune cells can make the 
immunologically important distinction be- 
tween "self" and "nonself"). 


Lymphatic structure 

Time frame 

Developmental process 

Vasa lymphatica 

Approx. weeks 5-9 

Endothelial buds of the vv. cardinales form 
sac-like, enlarged vessels, which are connected to 
a lymphatic plexus close to the dorsal body wall. 
The major ducts develop from this plexus. 

Tonsillae 

Approx. weeks 12-16 

Epithelial invagination of the 2nd saccus 
pharyngeus 

Splen 

Approx. weeks 5-24 

Proliferation of mesenchymal cells in the 
mesogastrium dorsale. As part of gaster rotation, 
the splen moves to the left upper quadrant. 

Thymus 

Approx. weeks 4-16 

Epithelial invagination ofthe ventral endoderma 
and ectoderma in the 3rd saccus pharyngeus 
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8. Endocrine System 


8.1 OverView of the Endocrine System 


Gll. endocrinae 


Adenohypophysis 



Diffuse endocrine system 

- CNS (hypothalamus, 

gl. pinealis, etc.) 



C-cells of 
gl. thyroidea 


Thymus and 
immune cells 

Respiratory 

epithelium 

Atrium cordis 


Ren 


Canalis 

gastrointestinalis 


Fat cells 


A The endocrine system 

By secreting hormones, the endocrine system 
enables cells to communicate with other cells 
and coordinates bodily functions. Thus, the 
endocrine system is closely related to the ner- 
vous system, which has a similar coordinating 
function. The endocrine system includes the 
classic gll. endocrinae, which are visible moc- 
roscopically (left). Additionally, it includes indi- 
vidual cells or small groups of cells, which also 
secrete hormones, but are only visible histo- 
logically. These cells constitute the diffuse en¬ 
docrine system (right), and they are located in 
a number of organs, including the gll. endoc¬ 
rinae. 

The hormones produced by endocrine organs 
affect other cells in very low doses, and the 
organs themselves are usually small and dif- 
ficult to dissect. In addition, they are difficult 
to classify histologically because they produce 
a number of different types of hormones (see 
C). Thus, this chapter will focus on the func- 
tional and biochemical aspects of the endo¬ 
crine system. 



B Types of hormonal communication 

In hormonal communication a cell secretes a hormone, and a recep¬ 
tor recognizes the hormone and triggers a signal transduction Cascade 
leading to changes in the cell that bears the receptor. There are several 
types of hormonal communication. 

a Autocrine secretiori: The hormones are synthesized and secreted by 
the same cells that possess the receptors. Thus, the cell stimulates it- 
self. Autocrine secretion plays a particularly important role in tumor 
development. 

b Paracrine secretion: The hormones are released into the interstitial 
fluid and diffuse to neighboring cells that have the hormones* recep¬ 
tors. This is the most primitive form of hormonal effect; it developed 
early in evolution and it stili plays a major role in the human endo¬ 
crine system. Diffuse endocrine cells (see above) act this way, and the 
immune system uses paracrine signaling with interleukins to enable 
communication between cells. 


c Endocrine secretion: The secreting cell releases the hormone into 
the blood, where it is transported to the receptor-bearing cells. AII 
major gll. endocrinae utilize this mechanism. 
d Neurosecretion: The secreting cell, a neuron, releases its neurotrans- 
mitter, which acts as a hormone, directly into the blood stream. Neu¬ 
rosecretion is a transitional type of communication between endo¬ 
crine signaling and synaptic transmission. It illustrates the close rela- 
tionship between nervous system and endocrine system. 
e Synaptic transmission (neurocrine secretion): Synaptic transmis¬ 
sion is a special form of paracrine signaling. The neurotransmitter 
(hormone) is released by a neuron from its presynaptic membrane. 
The transmitter diffuses across the synaptic cleft to receptors on the 
postsynaptic membrane. 
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8. Endocrine System 


C Classification of hormones as lipophilic 
or hydrophilic molecules (after Karlson) 
Hormones can be either lipophilic or hydro¬ 
philic, which helps explain the substantial dif- 
ferences in their synthesis and function. Lipo¬ 
philic hormones such as the steroid hormones 
are synthesized in smooth endoplasmic retic¬ 
ulum, while hydrophilic hormones such as the 
protein hormones are synthesized in rough 
endoplasmic reticulum. These differences in 
synthesis are reflected in the varying amounts 
of the organelles in hormone-producing cells. 



Lipophilic hormones 

Hydrophilic hormones 

Signaling molecule 

• Steroid hormones 

• Thyroid hormones 

• Retinoic acid 

• Amino acids and their derivatives 

• Peptide hormones 

• Protein hormones 

Plasma transport 

Bound 

Mostly unbound 

Half-life 

Long (hours to days) 

Short (minutes) 

Receptors 

Intracellular 

Membra nous 

Effect 

Transcription control 

Intracellular signaling cascades via 
membrane proteins 



Hormone (e.g., epinephrine) Hormone (e.g., cortisol) 



D Types of hormone receptors 

There are 4 general types of hormone receptors. 

a Type I receptors: The receptor protein, which is an enzyme, is em- 
bedded in the lipid bilayer of the cell membrane. The hormone binds 
to cell-surface receptors. However, the enzymatic reaction occurs on 
the cytoplasmic side of the membrane, where the substrate-bind- 
ing site for the enzymatic reaction is located. Generally, the enzyme 
is a tyrosine kinase that phosphorylates substrates when activated. 
Exomple: insulin receptors. 

b Type II receptors: The receptors are ion channels, which change their 
conductance depending on ligand-binding. Example: Acetylcholine 
receptors in neurons (another example of the close relationship be- 
tween the endocrine and nervous Systems). 


c Type III receptors: The hormone receptors activate G proteins (gua- 
nine nucleotide-binding proteins), which in turn activate intracellular 
proteins (indirect activation). This is the largest group of hormone 
receptors. Exomple: epinephrine receptors. 
d Intracellular receptors: Lipophilic hormones pass directly through 
the cell membrane and activate intracellular receptors. The primary 
function of these receptors is regulation of gene expression. Exomple: 
cortisol receptors. 

Note: The hormonal effects regulated by gene expression are charac- 
terized by a slower response compared to the fast effects regulated 
by type II receptors. 
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8. Endocrine System 


8.2 Metabolism and Feedback Loop Regulation in the 
Endocrine System 



A Metabolism of hormones 

The hormone is produced by the cells of a gl. endocrina (in this exam- 
ple a steroid hormone from the cortex glandulae suprarenalis) and re- 
leased into the blood as needed. The hormone is transported in the 
bloodstream to the effector organ (here: skeletal muscle), where it binds 
to receptors that mediate the cellular effects of the hormone. The hor¬ 
mone is broken down in the hepar and the metabolites are excreted via 
the renes. 


B Feedback loops in the endocrine system 

Inhibitory (red) and stimulatory (green) pathways from higher centers 
of the brain modulate the hypothalamus, which is part of the dienceph¬ 
alon and serves as a master control center for a large part of hormone 
regulation. A preponderance of inhibitory input leads to the release of 
inhibiting hormones and a preponderance of stimulatory input leads to 
the release of releasing hormones. If releasing hormones outweigh in¬ 
hibiting hormones, the adenohypophysis (anterior pituitary) will release 
a glandotropic hormone (a hormone that affects a peripheral endocrine 
gland, e.g., gl. suprarenalis or thyroidea). This hormone stimulates the 
gland to release its hormones, which stimulate the effector organ. At 
the same time the hormone inhibits the adenohypophysis and hypo¬ 
thalamus, which leads to a reduction in further hormone production 
and release (a negative feedback loop). Thus, in the regulation of hor¬ 
mone production and release, multiple hormones can be thought of be- 
ing serially-connected in a chain with a feedback mechanism incorpo- 
rated into the links. 
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8. Endocrine System 



Neuro¬ 

hypophysis 


C The hypothalamic-pituitary axis and hormone regulation 

The hypothalamus and hypophysis function as higher control centers 
for hormone release by other gll. endocrinae. They are connected to 
each other through the infundibulum hypophysis by a venous portal 
system and a long axon system: 

• Regulation via the portal system: Neuronal cell bodies in the hypo¬ 
thalamus (neurons 1 and 2) synthesize releasing and inhibiting hor- 
mones, and, via short axons, release them into the portal blood ves- 
sels. They are then transported in the vessels to cells in the anterior 
pituitary (adenohypophysis). These cells then produce hormones, 
which are released into the systemic circulation. The first neurons 
(neurons 1 and 2) are called neuroendocrine transducers because 
they transform neural information into hormonal information by re¬ 
leasing their transmitters into the portal circulation. They do not ter¬ 
minate at other nerve cells. 

• Regulation via long axons: Neurons located in the hypothalamus 
(neuron 3) project to the posterior pituitary ( neurohypophysis ), where 
they release their hormones directly into the blood vessels of the 
neurohypophysis (neurosecretion). This system bypasses the portal 
circulation, and the neurons themselves (neuron 3) are the neuroen¬ 
docrine transducers. The hormones oxytocin and vasopressin (ADH) 
are released in this way. 

Note: The secretions of the disseminated endocrine cells in the diges- 
tive and respiratory tracts is not regulated by the hypothalamic-pitu¬ 
itary axis. 


D Principal sites where hormones and hormone-like substances 
are formed 

Hormones are vitally important Chemical messengers that enable cells 
to communicate with one another. Usually, very small amounts of these 
messengers act on metabolic processes in their target cells. Different 
hormones can be classified on the basis of their 

• site of formation, 

• site of action, 

• mechanism of action, or 

• Chemical structure. 

Examples are steroid hormones (e.g., testosterone, aldosterone), amino 
acid derivatives (e.g., epinephrine, norepinephrine, dopamine, sero- 
tonin), peptide hormones (e.g., insulin, glucagon), and fatty acid deriv¬ 
atives (e.g., prostaglandins). 


Principal sites of 
formation 

Hormones and hormone-like substances 

Classic endocrine hormonal 

glands 

Hypophysis (anterior and 

ACTH (adrenocorticotropic hormone, 

posterior lobes) 

corticotropin) 

TSH (thyroid-stimulating hormone, 
thyrotropin) 

FSH (follicle-stimulating hormone, 
follitropin) 

LH (luteinizing hormone, lutropin) 

STH (somatotropic hormone, somatotro- 
pin) 

MSH (melanocyte-stimulating hormone, 
melanotropin) 

PRL (prolactin) 

ADH (antidiuretic hormone or vasopressin) 
Oxytocin (formed in the hypothalamus 
and secreted by the posterior pituitary) 

Gl. pinealis 

Melatonin 

Gl. thyroidea 

Thyroxine (T4) and triiodothyronine (T3) 

C cells of the gl. thyroidea 

Calcitonin 

Gll. parathyroideae 

Parathyroid hormone 

Gll. suprarenales 

Mineralocorticoids and glucocorticoids 
Androgens 

Epinephrine and norepinephrine 

Insulae pancreaticae 

Insulin, glucagon, somatostatin, and 

(islets of Langerhans) 

pancreatic polypeptide 

Ovarium 

Estrogens and progestins 

Testis 

Androgens (mainly testosterone) 

Placenta 

Chorionic gonadotropin, progesterone 

Hormone-producing tissues and single cells 

Central and autonomic 
nervous system 

Neuronal transmitters 

Parts of the diencephalon 
(e.g., the hypothalamus) 

Releasing and inhibitory hormones 

System of gastrointestinal 
cells in the Gl tract 

Gastrin, cholecystokinin, secretin 

Atria cordis 

Atrial natriuretic peptide 

Ren 

Erythropoietin, renin 

Hepar 

Angiotensinogen, somatomedins 

Immune organs 

Thymus hormones, cytokines, lymphokines 

Tissue hormones 

Eicosanoids, prostaglandins, histamine, 
bradykinin 
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9. Autonomic Nervous System 


9.1 The Sympathetic and Parasympathetic Nervous Systems 


The autonomic, or visceral nervous system innervates the internal or- pathica, and plexus entericus. For didactic reasons these Systems are dis- 

gans. It is divided into three parts: the pars sympathica, pars parasym- cussed separately; however, they represent one functional unit. 


Pars sympathica 


Pars parasympathica 



A Structure of the pars sympathica (red) and pars parasympathica 
(blue) 

Both the partes sympathica and parasympathica utilize a two-neuron 
pathway between the CNS and their targets. The first neuron is called the 
preganglionic neuron, and the second neuron is the postganglionic neu¬ 
ron. The preganglionic sympathetic neurons are located in the cornu lat¬ 
erale of lower pars cervicalis, pars thoracica, and upper pars lumbalis of 
the medulla spinalis. The preganglionic parasympathetic neurons are lo¬ 
cated in nuclei nervorum cranialium and the pars sacralis of the medulla 
spinalis. The n. vagus, a n. cranialis, contains the preganglionic parasym¬ 
pathetic neurons that will innervate cervical, thoracic, and abdominal vis¬ 
cera. In both the partes sympathica and parasympathica, the pregangli¬ 
onic neurons of the CNS synapse with the postganglionic neurons in gan¬ 
glia of the peripheral nervous system (see C and D). 


• In the pars sympathica of the nervous system, the preganglionic neu¬ 
ron synapses with the postganglionic neuron in ganglia of the trun¬ 
cus sympathicus (for trunk and limbs), in prevertebral ganglia (for 
viscera) or directly in the organs (only gll. suprarenales). 

• In the pars parasympathica of the nervous system, the n. vagus ter- 
minates at ganglia close to or in the walls (intramural ganglia) of the 
organs. 

According to Langley (1905), the terms pars sympathica and parasym¬ 
pathica originally referred only to efferent neurons and their axons (vis¬ 
ceral efferent fibers, as shown above). It has now been shown that the 
partes sympathica and parasympathica contain afferent fibers (visceral 
afferent fibers, pain and stretch receptors not shown here, see p. 66). 
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9. Autonomic Nervous System 


B Synopsis of the partes sympathica and parasympathica of the 
nervous system 

1. The pars sympathica can be considered the excitatory part of the au¬ 
tonomic nervous system that prepares the body for a “fight orflight” 
response. 

2. The pars parasympathica is the part of the autonomic nervous sys¬ 
tem that coordinates the “restand digest” responses of the body. 

3. Although there are separate control centers for the two divisions in 
the truncus encephali and medulla spinalis, they have close anatomic 
and functional ties in the periphery. 

4. The principal transmitter at the target organ is acetylcholine in the 
pars parasympathica and norepinephrine in the pars sympathica. 

5. Stimulation of the partes sympathica and parasympathica produces 
the following different effects on specific organs: 


Organ 

Pars sympathica 

Pars parasympathica 

Cor 

Increased heart rate 

Decreased heart rate 

Pulmones 

Bronchodilation and 
decreased bronchial 
secretions 

Bronchoconstriction 
and increased bronchial 
secretions 

Gastrointesti- 

Decreased secretions 

Increased secretions 

nal tract 

and motor activity 

and motor activity 

Pancreas 

Decreased endocrine 
and exocrine secretions 

Increased exocrine 
secretions 

Male genitalia 

Ejaculation 

Erection 



ganglion neuron 


Pars sympathica Pars parasympathica 



C Circuit diagram of the divisio autonomica of the nervous system 

The synapse of the Central, preganglionic neuron uses acetylcholine as 
a transmitter in both the partes sympathica and parasympathica (cho- 
linergic neuron, shown in blue). In the pars sympathica, the transmitter 
changes to norepinephrine at the synapse of the postganglionic neuron 
with the target organ (adrenergic neuron, shown in red), while the pars 
parasympathica continues to use acetylcholine at that level. 

Note: Various types of receptors for acetylcholine (neurotransmitter sen- 
sors) are located in the membrane of the target cells. As a resuit, acetyl¬ 
choline can produce a range of effects depending on the receptor type. 


D Circuitry of the autonomic nervous system 

Although the partes sympathica and parasympathica emerge from two 
different regions of the CNS (see A), they form a close structural and 
functional unit close to the organs. The perikarya of the preganglionic 
sympathetic neurons are located in the cornu laterale of the medulla 
spinalis. Their axons exit the medulla spinalis through the radix anterior 
and travel in the rr. communicantes albi (white because they are myelin- 
ated) to the ganglia sympathica. The axons synapse with the postgan¬ 
glionic neurons at three different levels: 

• For the sympathetic fibers going to the limbs and trunk wall, the pre¬ 
ganglionic sympathetic neurons synapse with the postganglionic neu¬ 
rons in the ganglia sympathica. The postganglionic fibers travel in the 
rr. communicantes grisei (gray because they are unmyelinated) back 
to the nn. spinales. 

• For the sympathetic fibers going to the viscera, the preganglionic 
sympathetic fibers usually pass through the ganglia sympathica as 
nn. splanchnici. They synapse with the postganglionic sympathetic 
neurons in ganglia close to the organs (prevertebral ganglia). From 
there, the postganglionic fibers travel to the organs. The pars sym¬ 
pathica also influences the plexus entericus, which is referred to as 
the third part of the autonomic nervous system (see p. 67). In the co¬ 
lon, for example, sympathetic fibers will contact intramural neurons 
of the enteric system. 

• For the sympathetic fibers going to the medulla glandulae suprare¬ 
nalis, the preganglionic sympathetic fibers terminate on the cells of 
the medulla (not shown here). 

The preganglionic parasympathetic neurons of the viscera located in 
the body cavities originate from truncus encephali nuclei of the n. va¬ 
gus orfrom segmenta sacralia of the medulla spinalis (not shown). They 
synapse in ganglia that are either very close to or embedded in the or¬ 
gan (intramural ganglia). Afferent pain fibers (marked in green) accom- 
pany both sympathetic and parasympathetic nerve fibers. The axons of 
these fibers originate in pseudounipolar neurons, which are located ei¬ 
ther in ganglia sensoria nervorum spinalium or in ganglia of the n. va¬ 
gus (see p. 66). 
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9. Autonomic Nervous System 


9.2 Afferent Pathways of the Autonomic Nervous System 
and the Enteric Nervous System 


A Pain afferents from the viscera 
conducted by the sympathetic and 
parasympathetic pathways (after Jaenig) 
a Sympathetic pain fibers, b Parasympathetic 
pain fibers. 

Both nervous Systems also carry axons of af¬ 
ferent pain fibers, which run parallel to the 
efferent pathways. They only make up about 
5% of ali afferent pain fibers and thus, quanta- 
tively, they play a minor role and become ac¬ 
tive mainly in response to organ lesions. 

a The pain conducting (nociceptive) ax¬ 
ons from the viscera run along with the 
nn. splanchnici to the ganglia sympathica 
and reach the nn. spinales by way of the rr. 
communicantes albi. They then run in the 
radices posteriores of the nn. spinales to 
the ganglia sensoria nervorum spinalium, 
where their perikarya are located. From the 
ganglia, their axons pass through the radi¬ 
ces posteriores to the cornu posterius of the 
medulla spinalis, where they synapse and 
establish connections with ascending pain 
pathways. 

Note: Unlike the efferent system, the affer¬ 
ent nociceptive fibers do not synapse in pe- 
ripheral ganglia. 

b The perikarya of the pain-conducting 
pseudounipolar neurons in the craniaI part 
of the pars parasympathica of the auto¬ 
nomic nervous system are located in the 
ganglia inferiora or superiora of the nn. 
vagi. Those of the sacral part of the pars 
parasympathica are located in ganglia sen¬ 
soria of sacral medulla spinalis levels S2-S4. 
Their fibers run parallel to the efferent va- 
gal, or spinal, fibers and establish a Central 
connection with the pain-processing Sys¬ 
tems. 


- Ascending pain Radix 

pathway posterior 
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Structure and Development of Organ Systems 


9. Autonomic Nervous System 



Ren,gonada 
(T10-L1) 


Hepar, vesica 
biliaris 
(T8-11) 

Intestinum tenue 
(T11-L1) 

Intestinum 

crassum 

(T12-L1) 

Vesica urinaria 
(T11-L1) 


Diaphragma 

(C4) 


Gaster 

(T8) 


Cor 

(T3-4) 

Oesophagus 

(T4-5) 


B Referred pain 

Pain afferents from the viscera (visceral pain) 
and dermatomes (somatic pain) terminate at 
the same pain processing neurons in the cornu 
posterius of the medulla spinalis. The conver- 
gence of visceral and somatic afferent fibers 
confuses the relationship between the pain’s 
origin and its perception. Thus, the cortex 
cerebri may register pain impulses from the 
gaster as coming from the abdominal wall. 
This phenomenon is known as referred pain. 
The pain impulses from a particular internal 
organ are consistently projected to the same 
well-defined skin area (see dermatome levels 
on figure). Thus, the area of skin that the pain 
is projected to provides crucial information re- 
garding what organ is affected. The skin areas 
to which a particular internal organ projects its 
pain are referred to as Head-zones, named af- 
ter their discoverer, the English neurologist Sir 
Henry Head. This model considers only the pe- 
ripheral processing of impulses, which the cor¬ 
tex cerebri perceives as pain. It is not ciear why 
somatic pain is not perceived as visceral pain. 


Tunica serosa 


Stratum 
longitudinale 
tunicae muscularis 

Plexus myentericus 
(Auerbach) 


Artery 

Nerve 


Stratum circulare 
tunicae muscularis 



Tela submucosa 


Plexus submucosus 
externus (Schabadasch) 


Tunica mucosa 


Plexus submucosus 
internus (Meissner) 

Lamina muscularis 
mucosae 


C The enteric nervous system (plexus entericus) in the intestinum 
tenue 

The plexus entericus is considered a third and independent part of the 
autonomic nervous system (“The gut has a small brain”), and thus it 
is discussed separately after the partes sympathica and parasympath¬ 
ica of the autonomous nervous system. The plexus entericus consists 
of small groups of neurons that form interconnected, microscopically 
visible ganglia in the wall of the gut tube. The enteric system is orga- 
nized into two plexuses: the plexus myentericus (Auerbach), located be¬ 
tween the strata longitudina and circulare of the tunica muscularis, and 


the plexus submucosus (in the tela submucosa), which is subdivided into 
an external plexus (Schabadasch) and an internal plexus (Meissner). (For 
more details on the structure of the plexus entericus see histology text- 
books.) These networks of neurons form the basis for autonomic re- 
flex pathways. In principle, they can function without external inner- 
vation but their activity is greatly influenced by the partes sympathica 
and parasympathica of the nervous system. Activities regulated by the 
plexus entericus include gastrointestinal motility, secretions into the 
gut tube and local blood flow. 
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10. OverView and Diaphragma 


10.1 Divisions of the Cavitas Thoracica and Mediastinum 


Vertebra Aorta 

thoracica descendens 
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superius with neck 
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A Divisions of the cavitas thoracica and mediastinum 

Transverse section, superior view. 

The cavitas thoracica is divided into three large spaces: 

• The mediastinum, in the midline, is divided into an upper, smaller 
mediastinum superius and a lower, larger mediastinum inferius (see B). 
The mediastinum inferius is further subdivided, from front to back, 
into the mediastinum anterius, medium, and posterius. The mediasti¬ 
num anterius is an extremely narrow space between the sternum and 
pericardium, containing only small vascular components (see table, 
C). 

• The paired cavitates pleurales on the left and right sides of the me¬ 
diastinum are lined by tunica serosa (pleura parietalis) and contain 
the pulmones sinister and dexter. They are completely separated 
from each other by the mediastinum. The mediastinum extends fur¬ 
ther to the left than to the right owing to the asymmetrical position 
of the cor and pericardium. Because of this, the cavitas pleuralis (and 
pulmo) is smaller on the left side than on the right. The cavitates 
pleurales terminate blindly at their upper end, but the mediastinum 
is continuous with the connective tissue of the neck. 


B Principal neurovascular structures that enter and leave the 
mediastinum 

Mediastinum superius (borders the neck, yellow): 

• The nn. vagus and phrenicus, veins (tributaries of the v. cava supe¬ 
rior), oesophagus, and trachea enter the mediastinum superius from 
the neck. 

• Arterial branches from the arcus aortae and the cervical part of the 
truncus sympathicus leave the mediastinum superius to enter the 
neck. 

Mediastinum inferius (borders the abdomen and cavitates pleurales, 
red): 

• The ductus thoracicus and ascending abdominal lumbar veins (the 
v. azygos on the right side, the v. hemiazygos on the left side) pass 
through the diaphragma to enter the mediastinum inferius. 

• The nn. vagus and phrenicus, portions of the pars sympathica of the 
nervous system, the aorta, and the oesophagus descend from the 
mediastinum inferius and pass through the diaphragma to enter the 
abdomen. 

Aa. and vv. pulmonales, vasa lymphatica, autonomic nerves (plexus pul¬ 
monalis), and the bronchi principales connect the mediastinum to the 
pulmones (and vice versa). 


C Contents of the mediastinum (for divisions see A) 



Mediastinum superius 



Mediastinum inferius 


Mediastinum anterius 

Mediastinum medium 

Mediastinum posterius 


Organs 

• Thymus 

• Trachea 

• Oesophagus 

• Ductus thoracicus 

• Thymus (in children) 

• Cor 

• Pericardium 

• Oesophagus 

Arteries 

• Arcus aortae 

• Truncus brachiocephalicus 

• Left a. carotis communis 

• Left a. subclavia 

• Smaller arteries 

• Pars ascendens aortae 

• Truncus pulmonalis and its 
branches 

• Aa. pericardiacophrenicae 

• Pars thoracica aortae 
and its branches 

Veins and vasa 
lymphatica 

• V. cava superior 

• Vv. brachiocephalicae 

• Ductus thoracicus 

• Smaller veins and vasa 
lymphatica 

• Smaller nodi 
lymphoidei 

• V. cava superior 

• V. azygos 

• Vv. pulmonales 

• Vv. pericardiacophrenicae 

• V. azygos 

• V. hemiazygos 

• Ductus thoracicus 

Nerves 

• Nn.vagi 

• Left n. laryngeus recurrens 

• Nn. cardiaci 

• Nn. phrenici 


• Nn. phrenici 

• Nn.vagi 
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10. OverView and Diaphragma 
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Oesophagus, 
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Oesophagus, 
pars thoracica 
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Nll. phrenicus 
superior 

Diaphragma 
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Cavitas 

pericardiaca 


Site of attachment 
between hepar and 
diaphragma (area nuda) 
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D Subdivisions of the mediastinum 

Midsagittal sections viewed from the right side. 

a Detailed view: simplified drawing of the pericardium, cor, trachea, 
and oesophagus in midsagittal section. This lateral view demonstrates 
how the atrium sinistrum of the cor narrows the mediastinum poste¬ 
rius and abuts the anterior wall of the oesophagus. Because of this 
proximity, abnormal enlargement of the atrium sinistrum may cause 
narrowing of the esophageal lumen that is detectable by radiographic 
examination with oral contrast medium. Radiologists call the area be¬ 
tween the images of the cor and columna vertebralis the retrocardiac 
space. 

b Schematic view: subdivisions of the mediastinum (described in A, 
with contents listed in C). 

Note: Single diagrams cannot adequately show the components and 
configuration of the mediastinum, because of its asymmetry and exten- 
sions in all three axes. The anatomical relations in this space are best ap- 
preciated when viewed from multiple directions, at different planes (see 
also pp. 182 and 183). 


Oesophagus, 
pars cervicalis 
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10. OverView and Diaphragma 


10.2 Diaphragma: 

Location and Projection onto the Trunk 


Diaphragma 
in expiratory 
position 

Diaphragma 
in inspirato- 
ry position 



A Projection of the diaphragma onto the trunk 

Anterior view. The positions of the diaphragma in expiration (blue) and 

inspiration (red) are shown. The right hemidiaphragm rises as high as 

the fourth rib during expiration, and the diaphragma may fall almost to 

the level of the seventh rib at full inspiration. 

Note: 

• The exact position of the diaphragma depends on body type, sex, 
and age. 

• The left diaphragma leaflet is lower than the right due to the asym- 
metrical position of the cor. 

• Inspiration is marked by an overall depression of the diaphragma and 
also by a flattening of the diaphragm leaflets. 

• The diaphragma is higher in the supine position (pressure from the 
intra-abdominal organs) than in the standing position. 

• The degree of diaphragmatic movement during inspiration can be 
assessed by noting the movement of the hepatic border, which is 
easily palpated. 

• The diaphragma in a cadaver occupies a higher level than the expira¬ 
tory position in vivo due to the loss of muscular tone. 
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B Anterior (a) and posterior (b) views of the diaphragma transparent to demonstrate the location of the diaphragma; in b the 

In a, the anterior rib segments in front of the diaphragma are shown posterior rib segments are not shown transparent. 
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crus sinistrum 


Hiatus 

oesophageus 
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Diaphragma, 
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triangle) 
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arcade) 
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venae cavae 
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b 


M. psoas Corpus M. erector Lig. arcuatum mediale 

major vertebrae spinae (psoas arcade) 


C Superior (a) and inferior (b) views ofthe diaphragma pletely separates the cavitates thoracis and abdominis and has three 

Fascias and serous membranes lining the superior and inferior surfaces openings for the oesophagus, aorta, and v. cava inferior, 

ofthe diaphragma have been removed. 

The muscular diaphragma closes the apertura thoracis inferior. It com- 
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10. OverView and Diaphragma 


10.3 Diaphragma: 

Structure and Main Openings 


A Shape and structure of the diaphragma 

a Inferior view; b Frontal section of the dia¬ 
phragma, anterior view; c Midsagittal section 
with diaphragma in intermediate position. 

The diaphragma is divided into three parts (a): 
pars costalis diaphragmatis (slate blue), pars 
lumbalis diaphragmatis (yellow green) and 
pars sternalis diaphragmatis (brown). For de- 
tails about the origin of these three parts see 
C. For details about the location of the open¬ 
ings in the diaphragma see next page. Sections 
(b and c) show the location of the diaphragma 
between the cavitates thoracica and abdomi¬ 
nis and illustrate the diaphragma’s distinet 
dome-shaped structure: Recesses along the 
sides (b) and anterior and posterior margins (c) 
of the diaphragma vary in depth (Recesses, see 
p. 133 and 175). Flattening of the diaphrag- 
matic domes and recesses play a Central role in 
respiratory mechanics. 
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10. OverView and Diaphragma 


Foramen 

venae 

cavae 


Hiatus 

aorticus 


a 


Trigonum lumbocostale 
(Bochdalek's triangle) 

B Openings and gaps in the diaphragma and their dinical 
significance 

a Inferior view; b Anterior view of the pars lumbalis diaphragmatis and 
portion of the centrum tendineum; location of the openings in the dif¬ 
ferent parts of the diaphragma and their position relative to the median 
plane: foramen venae cavae in the centrum tendineum, to the right of 
the median plane; hiatus aorticus and hiatus oesophageus in the pars 
lumbalis, in or immediately to the left of the median plane; c Opened 
thorax viewed from the left side; projections of the openings onto the 
lower thoracic spine: foramen venae cavae: T8; hiatus oesophageus: 
T10; hiatus aorticus: T12; c Diaphragma in resting expiratory position. 
Openings and gaps in the diaphragma develop 

• because the oesophagus and large neurovascular structures pass 
through the muscle tissue and centrum tendineum of the dia¬ 
phragma and extend from the thorax to abdomen or vice versa ( fune- 
tional openings, see above) and 

• because gaps between the different parts of the diaphragma are 
closed only by connective tissue (e.g., apertures in the crus mediale 
that allow passage of neurovascular structures [nn. splanchnici; vv. 
lumbales ascendentes]). 
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The larger openings are clinically important because they create weak 
spots through which abdominal organs may herniate into the thorax 
(visceral or diaphragmatic hernias). The most common site for hernia- 
tion is the hiatus oesophageus (hiatal hernias) which accounts for 90% 
of cases. Most hiatal hernias occur when the distal end of the oesopha¬ 
gus and the pars cardiaca of the gaster slide up into the thorax through 
the hiatus oesophageus (axial hiatal hernia; approximately 85% of all 
hiatal hernias). Typical complaints range from heartburn, belching, and 
pressure behind the sternum to nausea, vomiting, shortness of breath, 
and functional heart problems. 


C OverView of the diaphragma 


D Openings in the diaphragma and transmitted structures 


• Pars costalis: inferior border of the ribs (inner surface 
of ribs 7 through 12) 

Origin: • Pars lumbalis (including crura dextrum and 

sinistrum): 

- medial part: corpora vertebrarum L1-L3 and disci 
intervertebrales, lig. longitudinale anterius 

- lateral parts: lig. arcuatum mediale (from corpus 
vertebrae L2 to the respective processus trans¬ 
versus); lig. arcuatum laterale (from the processus 
transversus of L2 to the tip of the 12th rib) 

• Pars sternalis: posterior surface of the processus 
xiphoideus 

Insertion: Centrum tendineum 

Function: Principal muscle of inspiration (diaphragmatic or abdom¬ 

inal breathing); involved in regulating abdominal pres¬ 
sure 

Innervation: N. phrenicus from the plexus cervicalis (C3-5) 


Openings 

Transmitted structures 

Foramen venae cavae (at 
the level of the T8 
vertebra) 

V. cava inferior 

R. phrenicoabdominalis of right 
n. phrenicus (the left r. phrenicoabdomi¬ 
nalis pierces the muscle) 

Hiatus oesophageus (at 
the level of the T10 
vertebra) 

Oesophagus 

Trunci vagales anterior and posterior 
(on the oesophagus) 

Hiatus aorticus (at the 
level of the T12/L1 
vertebrae) 

Pars descendens aortae 

Ductus thoracicus 

Apertures in the crus 
mediale 

V. azygos, v. hemiazygos, 
nn. splanchnici 

Apertures between the 
medial and lateral crura 

Truncus sympathicus 

Trigonum sternocostale 

A. and v. thoracica interna/ 
epigastrica superior 
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10. OverView and Diaphragma 


10.4 Diaphragma: 

Innervation, Blood and Lymphatic Vessels 
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Innervation of 
pericardium by 
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A Innervation 

The diaphragma is largely innervated by the n. phrenicus, a somatomo- 
tor and somatosensory nerve that arises from the plexus cervicalis, spe- 
cifically segmenta cervicalia C3-C5 medullae spinalis (mainly C4, see 

a) . The n. phrenicus descends while giving off branches to the pars me¬ 
diastinalis pleurae parietalis and the pericardium (rr. pericardiaci, see 

b) . It contains more efferent (motor) than afferent (sensory) fibers; the 
latter being responsible for pain conduction from the tunicae serosae 
(pars diaphragmatica pleurae parietalis and peritoneum parietale) that 
cover the diaphragma. A r. phrenicoabdominalis passes through the 
diaphragma to the peritoneum on its inferior surface. The tunicae se¬ 


rosae covering the diaphragma near the ribs also receive somatosen¬ 
sory innervation from the tenth and eleventh nn. intercostales (see b) 
and from the n. subcostalis (T12, not shown). Occasionally, a n. phreni¬ 
cus accessorius (not shown here) is observed as fibers from C5 (C6) join 
with the n. phrenicus via the n. subclavius. Similar to other blood ves¬ 
sels, those of the diaphragma receive an autonomic innervation. 

Note: Bilateral disruption of the n. phrenicus (e.g., due to a high transec- 
tion of the cervical medulla spinalis) leads to bilateral paralysis of the di¬ 
aphragma. Because the diaphragma is the dominant muscle of respira- 
tion, bilateral diaphragmatic paralysis is usually fatal. 
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B Nodi lymphoidei and lymphatic drainage of the diaphragma 

Superior view. The nodi lymphoidei of the diaphragma are divided into 
two groups based on their location: 

• Nodi phrenici superiores on the superior surface of the diaphragma 

• Nodi phrenici inferiores on the inferior surface of the diaphragma. 

The nodi phrenici superiores are nodi lymphoidei thoracis that collect 
lymph from the diaphragma, lower oesophagus (see p. 164), pulmo, 
and also from the hepar (by a transdiaphragmatic route, see p. 83). The 
nodi phrenici superiores on the right side are involved in hepatic drain- 
age.The nodi phrenici superiores drain to the truncus bronchomediasti¬ 
nalis. The nodi phrenici inferiores are nodi lymphoidei abdominis ; they 
collect lymph from the diaphragma and usually convey it to a truncus 
lumbalis (see p. 215). They may also collect lymph from the lobi inferi¬ 
ores of the pulmones. 
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pars diaphragmatica 

V. hemiazygos 
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Oesophagus 
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C Arteries ofthe diaphragma 
a Anterior view of the opened 
thorax; organs, internal fascias 
and tunicae serosae have been 
removed. The n. phrenicus (for 
more details see p. 76) along with 
the a. pericardiacophrenica run 
lateral to the pericardium, which 
has been removed here. The long 
course of the a. pericardiaco¬ 
phrenica through the entire me¬ 
diastinum is clearly visible. 
b Superior surface of the dia¬ 
phragma viewed from above. 
The pleura parietalis (pars di¬ 
aphragmatica) has been re¬ 
moved over a broad area, leav- 
ing the pericardium in place. 
Three (pairs of) arteries supply 
the superior surface of the dia¬ 
phragma: 

• A. phrenica superior: arises 
from the aorta thoracica just 
above the diaphragma and 
supplies the largest area ofthe 
diaphragma. 

• A. pericardiophrenica: arises 
from the a. thoracica interna, 
runs close to the pericar¬ 
dium, and gives off branches 
to the diaphragma. 

• A. thoracica interna: supplies 
the diaphragma by direct 
branches or via the a. muscu¬ 
lophrenica. 

c Inferior surface of the dia¬ 
phragma viewed from be- 
low. The peritoneum parietale 
has been completely removed. 
The inferior surface of the di¬ 
aphragma is supplied by the 
paired aa. phrenicae inferiores, 
the highest branches ofthe aorta 
abdominalis. 

The diaphragmatic veins (not 
shown here) mainly accompany 
the arteries: 

• Vv. phrenicae inferiores: open 
into the v. cava inferior. 

• Vv. phrenicae superiores: usu- 
ally open into the v. azygos on 
the right side and into the v. 
hemiazygos on the left side. 


77 


























Thorax 


11. OverView of Neurovascular Structu res 


11.1 Arteries: 

Aorta Thoracica 


A. carotis communis 
dextra and v. jugularis 
interna dextra 


A. carotis communis 
sinistra and v. jugularis 
interna sinistra 



A Projectiori of the cor and vessels onto 
the chest wall 

Anterior view. The two great arterial vessels in 
the thorax are the oorta and the truncus pulmo¬ 
nalis. Because the aa. pulmonales run a very 
short distance before entering the pulmones, 
they are discussed under the heading of the 


pulmonary vessels (see p. 142 and 143). 

The aorta ascendens is “in the shadow” of the 
sternum on the PA chest radiograph, while the 
arcus aortae (“aortic knob”) forms the supe¬ 
rior left portion of the left heart border. The 
aorta descendens is hidden by the cor itself. 



B Parts of the aorta and their relationship 
to the trachea and oesophagus 

Left lateral view. The aorta consists of three 

main parts: 

• Aorta ascendens: arises from the ventricu¬ 
lus sinister, is dilated near the cor to form 
the bulbus aortae (not visible here). 

• Arcus aortae: the arched portion of the 


aorta between the partes ascendens and 
descendens, runs posteriorly and to the left. 
A constriction may persist as an embryonic 
remnant in this part of the aorta (the isth¬ 
mus aortae, see p. 190). 

• Aorta descendens: consists of the par¬ 
tes thoracica and abdominalis of the aorta 
(see D). 


C Functional groups of arteries that supply 
the thoracic organs 

These are mainly vessels that supply the or¬ 
gans and internaI structures of the thorax. The 
intrathoracic branches of the aorta can be di- 
vided into four main functional groups: 

Arteries to the head and neck 
or to the upper limb: 

• Truncus brachiocephalicus with 

- Right a. carotis communis 

- Right a. subclavia 

• A. thyroidea ima (present in only 10% of 
the population) 

• Left a. carotis communis 

• Left a. subclavia 

Direct aortic branches that supply 
intrathoracic structures: 

• Visceral branches to thoracic organs (cor, 
trachea, bronchi, and oesophagus): 

- Aa. coronariae dextra and sinistra 

- Rr. tracheales 

- Rr. pericardiaci 

- Rr. bronchiales 

- Rr. oesophageales 

• Parietal branches to the internal (mainly 
posterolateral) chest wall and diaphragma: 

- Aa. intercostales posteriores 

- Right and left aa. phrenicae superiores 

Indirect paired branches (not arising di- 
rectly from the aorta) that are distributed 
primarily to the head and neck but give 
ofF branches, usually small, that enter the 
chest and supply intrathoracic organs: 

• A. thyroidea inferior (from the truncus 
thyrocervicalis = branch of a. subclavia) 
with 

- Rr. oesophageales 

- Rr. tracheales 

Indirect paired branches which supply the 
chest wall (mostly anterior, some inferior), 
usually in the form of parietal branches, 
and may give off other branches to intra¬ 
thoracic organs (visceral sub-branches): 

• A. thoracica interna (from the a. subclavia) 
with 

- Rr. thymici 

- Rr. mediastinales 

- Rr. intercostales anteriores 

- A. pericardiacophrenica (with branches 
to the pericardium and diaphragma) 

- A. musculophrenica (with a branch to 
the diaphragma) 
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Cartilago thyroidea 

A. carotis communis dextra 

M. scalenus anterior 

M. scalenus medius 

A. vertebralis dextra 

A. subclavia dextra 

A. thoracica interna 

Costa I 

Truncus 
brachiocephalicus 

Bronchus 
principalis dexter 

R. oesophagealis 

Aa. intercostales 
posteriores 


Diaphragma 

A. phrenica inferior 
Truncus coeliacus 
A. lumbalis 



Cartilago cricoidea 

A. carotis communis sinistra 
Trachea 

Truncus thyrocervicalis 

A. vertebralis sinistra 

A. subclavia sinistra 

Oesophagus 

Arcus aortae 

Aorta ascendens 

R. bronchialis 

Bronchus 
principalis sinister 

Aorta thoracica 


Hiatus aorticus 


Aorta abdominalis 


D Position of the aorta in the thorax 

Anterior view. The pleura, internal fasciae, and most thoracic organs 
have been removed, and the diaphragma has been windowed to dis- 
play more of the cavitas thoracis. The branches of the aorta (see C and 
p. 203) supply blood to all the organs, delivering almost 5 liters of blood 
per minute throughout the body. The aorta thoracica is thick-walled, 
particularly in its pars ascendens and arcus aortae, but these walls are 
also elastic. During the systolic wave of pressure as the ventriculus sin¬ 
ister contracts, these segments of the aorta dilate rapidly and then re- 
coil. This serves to absorb and dissipate the pressure wave to produce a 
steadier, more even flow of blood in the arteries farther away from the 
cor. Because the arcus aortae runs posteriorly and to the left, the rela- 
tionship of the aorta to the trachea and oesophagus changes as the ves- 
sel passes inferiorly through the chest (see also B and p. 162). The most 
anterior part of the aorta is the oorto ascendens. The arcus aortae then 


E Aortic Windkessel function 

a During systole, part of the ventricular stroke volume is stored in the 
elastic wall of the aorta (blue arrows pointing outward) and discharged 
again during diastole (b) (blue arrows pointing inward). 


passes to the left side of the trachea, arching over the bronchus prin¬ 
cipalis sinister. It passes initially to the left of the oesophagus but then 
descends posterior to the oesophagus and anterior to the columna ver¬ 
tebralis. Because of this relationship, an abnormal outpouching of the 
aortic wall (aneurysm) may narrow the oesophagus and cause swallow- 
ing difficulties (dysphagia). The pars thoracica aortae pierces the dia¬ 
phragma at the hiatus aorticus (junction of the T11 /T12 vertebrae), be- 
coming the aorta abdominalis. 

Note: In rare cases the arcus aortae is constricted behind the lig. arte¬ 
riosum (see B). This constriction is normal in the embryonic circulation, 
but its persistence after birth may produce the clinical manifestations 
of a coarctation of the aorta. This includes hypertension in the head, 
neck, and upper limbs, insufficient blood flow in the lower extremities, 
and left ventricular hypertrophy (due to chronie excessive workload 
and pressure) (see p. 190f). 




Aorta 


Aortic valve 

Ventriculus 

sinister 
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11.2 Veins: Vena Cava and Azygos System 



V. brachiocephalica 
sinistra 

V. cava superior 

Vv. pulmonales 
sinistrae 

V. cava inferior 


A Projection of the venae cavae onto the 
skeleton 

Anterior view. The v. cava superior lies to the 
right of the midline and appears at the right 
sternal border on radiographs. Formed by the 
confluence of the two vv. brachiocephalicae, 
the v. cava superior enters the atrium dextrum 
of the corfrom above, forming its border in the 
PA chest radiograph (see p. 102). The v. cava 


inferior runs a very short distance within the 
thorax (approximately 1 cm, not shown here). 
Immediately after piercing the diaphragma (at 
the foramen venae cavae), it passes through 
the pericardium and ends by opening into the 
atrium dextrum of the cor from below. It has 
no tributaries within the chest (the vv. pulmo¬ 
nales are described on p.142). 



B The azygos system 

Anterior view. The venous drainage of the tho¬ 
rax is handled mainly by the long azygos Sys¬ 
tem, which runs vertically through the chest. 
The v. azygos runs to the right of the columna 
vertebralis, the v. hemiazygos to the left. The v. 
hemiazygos empties into the v. azygos, which 
in turn empties into the v. cava superior. A v. 
hemiazygos accessoria is frequently present in 
the upper left thorax; it may open indepen- 
dently into the v. azygos or by way of the v. 
hemiazygos. The azygos system receives trib¬ 
utaries from the mediastinum and from por- 


tions of the chest wall, predominantly in the 
Central and lower thorax. 

Note: The v. azygos empties into the v. cava 
superior, while the vv. lumbales ascendentes 
on both sides open into the v. cava inferior via 
the vv. lumbales and the vv. iliacae communes. 
In this way the azygos system creates a shunt 
between the vv. cavae superior and inferior, 
called the “cavocaval anastomosis.” If drainage 
from the v. cava inferior is obstructed, venous 
blood can stili reach the v. cava superior and 
enter the right cor by passing through the azy¬ 
gos system (see D and p. 210). 


C Functional groups of veins that drain the 
thoracic organs 

These are mainly vessels that drain the or¬ 
gans and internal structures of the thorax. AII of 
them drain ultimately to the v. cava superior, 
whose tributaries in the chest can be divided 
into four main functional groups: 

Veins that drain the head and neck 
or the upper limb: 

• Left and right vv. brachiocephalicae with 

- Right and left vv. subclaviae 

- Right and left vv. jugulares internae 

- Right and left vv. jugulares externae 

- Vv. intercostales supremae 

- Vv. pericardiacae 

- V. intercostalis superior sinistra 

Veins that drain intrathoracic structures 

(open into the v. hemiazygos accessoria or v. 
hemiazygos on the left side, into the v. azy¬ 
gos on the right side). Blood from both ter- 
ritories is collected in the v. azygos, which 
empties into the v. cava superior. The tribu¬ 
taries can be grouped as follows: 

• Visceral branches that drain the trachea, 
bronchi, and oesophagus: 

- Vv. tracheales 

- Vv. bronchiales 

- Vv. oesophageales 

• Parietal branches that drain the inner 
chest wall and diaphragma: 

- Vv. intercostales posteriores 

- Right and leftvv. phrenicae superiores 

- V. intercostalis superior dextra 

Indirect paired tributaries of the v. cava su¬ 
perior that descend from the head and neck 
but receive smaller veins that drain thoracic 
organs: 

• V. thyroidea inferior (tributaries of the v. 
brachiocephalica) with 

- Vv. oesophageales 

- Vv. tracheales 

Indirect paired tributaries of the v. cava su¬ 
perior that mainly drain the anterior chest 
wall as parietal branches but may also re¬ 
ceive tributaries (visceral subbranches) from 
organs: 

• Vv. thoracicae internae (opens into the v. 
brachiocephalica) with 

- Vv. thymicae 

- Vv. mediastinales 

- Vv. intercostales anteriores 

- Vv. pericardiacophrenicae (with 
tributaries from the pericardium and 
diaphragma) 

- Vv. musculophrenicae (with a tributary 
from the diaphragma) 

Note: Structures of the mediastinum superius 
may also drain directly to the vv. brachioce¬ 
phalicae (e.g., via the vv. tracheales, vv. oe¬ 
sophageales, and vv. mediastinales). 
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V. jugularis interna dextra 
V. intercostalis suprema dextra 
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V. azygos 

Vv. intercostales 
posteriores 
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centrum tendineum 
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V. lumbalis 
ascendens dextra 


Hiatus aorticus 


V. jugularis interna sinistra 
M. scalenus anterior 
M. scalenus medius 

V. jugularis externa sinistra 
V. subclavia sinistra 

—- V. thoracica interna sinistra 

V. brachiocephalica sinistra 
V. cava superior 


V. hemiazygos 
accessoria 


V. cava inferior 



V. hemiazygos 

Foramen 
venae cavae 

Hiatus 

oesophageus 


V. lumbalis 
ascendens sinistra 


Vv. lumbales 


D Vena cava superior and azygos system in the thorax 

Anterior view. The thorax has been cut open and the organs, internal 
fasciae, and serous membranes have been removed. The v. cava infe¬ 
rior has been removed at the level of the L1 /L2 vertebrae to display the 
right v. lumbalis ascendens. The v. cava superior is formed by the con- 
fluence of the two vv. brachiocephalicae at the approximate level of the 
T2/T3 junction, to the right of the median plane. Each v. brachiocephalica 
is formed in turn by the union of the v. jugularis interna and v. subclavia. 
The v. azygos ascends on the right side of the columna vertebralis and 
opens intothe posterior right aspect ofthe v. cava superior just belowthe 



union of the w. brachiocephalicae. After the right and left vv. lumbales 
ascendentes pass through the diaphragma they form the v. azygos on 
the right side and the v. hemiazygos on the left side. 

At the level of the T7 vertebra, the v. hemiazygos crosses over the co¬ 
lumna vertebralis from the left side and opens into the v. azygos. In this 
dissection the v. hemiazygos accessoria drains separately into the v. azy¬ 
gos after Crossing over the columna vertebralis from left to right. Not in- 
frequently, however, the v. hemiazygos and v. hemiazygos accessoria are 
interconnected by anastomoses. 


E Relations of the trachea, vena cava superior, and azygos system 

The v. cava superior lies to the right of the trachea. The left v. brachioce¬ 
phalica passes anterior to the trachea from the left side to unite with the 
right v. brachiocephalica. The v. azygos ascends posterior to the bron¬ 
chus principalis dexter and turns anteriorly to enter the v. cava superior 
from behind (the v. azygos “rides” upon the bronchus principalis dex¬ 
ter). The v. hemiazygos accessoria ascends behind the bronchus prin¬ 
cipalis sinister and may open independently into the v. azygos or may 
join the v. hemiazygos to form a common trunk that opens into the v. 
azygos. 
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11.3 Vasa Lymphatica 


A. carotis communis 
V. jugularis interna 
Truncus jugularis 
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Intercostal 
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Truncus coeliacus 
Aorta abdominalis 

Truncus lumbalis 


A Trunci lymphatici in the thorax 

Anterior view of the opened thorax with the pleura, internal fasciae, 
and organs removed. The diaphragma has been windowed, and the up- 
per part of the abdomen can be seen. The principal trunks that convey 
lymph from all body regions to the venous system are the ductus tho¬ 
racicus and ductus lymphaticus dexter. The ductus thoracicus begins 
in the abdomen at the upper end of a large sac, the cisterna chyli. It 
traverses the diaphragma through the hiatus aorticus, passing behind 
the aorta and in front of the columna vertebralis, and usually ascends 
just to the right of the midline. Just below the arcus aorticus it shifts to 
the left and terminates by opening into the junction of the left vv. sub¬ 
clavia and jugularis interna. It is joined in the neck by the left truncus 
bronchomediastinalis, left truncus jugularis, and left truncus subclavius. A 
number of small, unnamed lymphatic trunks that collect lymph from 
smaller groups of nodi lymphoidei convey lymph from the mediastinum 
and spatia intercostalia to the ductus thoracicus (lymph from the poste¬ 
rior portions of the lower right spatia intercostalia usually drains into the 


ductus thoracicus rather than the short right truncus bronchomediasti¬ 
nalis). The ductus lymphaticus dexter is a short duct that receives the 
right truncus bronchomediastinalis, right truncus jugularis, and right trun¬ 
cus subclavius just before it opens into the junction of the right vv. sub¬ 
clavia and jugularis interna. 

Note: AII major trunci lymphatici pass through the cavitas thoracica. The 
intrathoracic pressure undergoes rhythmic variations with breathing, 
and these pressure changes are transmitted to the trunci lymphatici. 
These changes act mainly on the relatively large-caliber ductus thorac¬ 
icus and have a significant impact on lymphatic return: the fall of in¬ 
trathoracic pressure during inspiration causes a passive, transient swell- 
ing of the ductus thoracicus, which increases the flow of lymph through 
that vessel. This principle can be applied therapeutically in lymphedema 
patients by having the patient perform a slow, deep inhalation to cre¬ 
ate a sustained negative intrathoracic pressure that will promote lym¬ 
phatic drainage. 
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C Lymphatic drainage by 
quadrants 

Lymphatic drainage follows the 
“quadrant principle,” with three 
quadrants draining into the ductus 
thoracicus and one quadrant drain¬ 
ing into the ductus lymphaticus 
dexter (see B for details). 


Mediastinum superius 


- 1 - 
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—I 
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Oesophagus 
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Bronchi 

Pulmo 
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Abdomen, pelvis, lower limb 


B OverView of lymphatic pathways in the thorax 

The lymph from ali body regions is returned to the venous circulation at 
the junctions of the right and left vv. subclaviae and jugulares internae 
(sometimes called the right and left “venous angles”). The ductus tho¬ 
racicus conveys lymph from the abdomen, pelvis, lower limb, left half 
of the thorax, left upper limb, and left half of the head and neck to the 
junction ofthe/e/tvv. subclavia and jugularis interna (corresponding to 
three of the four quadrants shown in C). The ductus lymphaticus dex¬ 
ter is a short duct (only about 1 cm long) that conveys lymph from the 
right half of the thorax, portions of the hepar, the right upper limb, and 
the right half of the head and neck to the junction of the right vv. subcla¬ 
via and jugularis interna (corresponding to one of the four quadrants). 


Lymph from the posterior portions of the lower spatia intercostalia on 
both sides usually drains into the ductus thoracicus (see A). Both of the 
main trunks receive thoracic lymph from the trunci bronchomediasti¬ 
nales sinister and dexter and from smaller, unnamed trunks. The nodi 
lymphoidei (see p. 84) may be located close to the chest wall (e.g., the 
nll. parasternales, paramammarii, and prevertebrales), in the mediasti¬ 
num (known clinically as the “mediastinal” nodi lymphoidei), or may be 
closely associated with the arbor bronchialis and named for their loca- 
tion. Overlapping patterns of lymphatic drainage are common in the 
chest due to the close topographical relationships of intrathoracic struc- 
tures. Thus, for example, the nll. juxtaoesophageales collect lymph from 
the oesophagus and from the cor. 
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11.4 Nodi Lymphoidei Thoracis 


A OverView of the nodi lymphoidei thoracis 

Transverse section at the level of the bifurcatio tracheae (at approxi- 
mately T4), viewed from above. Topographically, the nodi lymphoidei 
thoracis can be divided into three broad groups: 

• Nodi lymphoidei in the chest wall (shown here in purple), which drain 
the chest wall. 

• Nodi lymphoidei in the pulmo and at the divisions of the arbor bron¬ 
chialis (nll. intrapulmonales and bronchopulmonales, shown here in 
blue). This group drains the pulmo and arbor bronchialis and conveys 
its lymph to the next group (see C and p. 83). 

• Nodi lymphoidei associated with the Central structures of the me¬ 
diastinum (trachea, oesophagus, and pericardium, shown here in 
green). 



group pulmonary group 


Oesophagus 



B Nodi lymphoidei thoracis 

Schematic, left anterior view (the gaster and v. brachiocephalica are not 
shown to scale). Part of the diaphragma has been cut away, and the 
v. brachiocephalica has been retracted posterosuperiorly to display the 
nodi lymphoidei and the junction of the left vv. subclavia and jugula¬ 
ris interna. There is no significant functional distinction between pari- 
etal and visceral nodi lymphoidei in the thorax (in sharp contrast with 
the segregated visceral lymphatic flow in the abdomen and pelvis. The 


nodi lymphoidei thoracis are grouped in the mediastinum (“mediasti- 
nal” lymph nodes) around the pericardium, trachea, oesophagus, and 
bronchi and collect the lymph from these organs. 

Note: There may be a transdiaphragmatic connection, varying in differ¬ 
ent individuals, by which the nodi lymphoidei thoracis communicate di- 
rectly with nodi lymphoidei abdominis. This connection may allow a di- 
rect lymphatic metastasis of malignant tumors (e.g., gastric carcinoma) 
to the nodi lymphoidei thoracis. 
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C Nodi lymphoidei thoracis, posterior view 

The numerous nodi lymphoidei located at the divisions of the bronchi 
principales into bronchi lobares are often called the “hilar” nodi lym¬ 
phoidei because they are located in the region of the hilum pulmonis 
(not shown here). Frequently they are the first group of nodi lymphoidei 
to be affected by pulmonary disease (tuberculosis, malignant tumors). 
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11.5 Thoracic Innervation 
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A Organization of the partes sympathica and parasympathica of 
the nervous systems in the thorax 

With the prominent exceptions of the n. phrenicus and nn. intercostales 
(B), thoracic innervation is largely autonomic, arising from either the 
paravertebral trunci sympathici orthe parasympathetic nn. vagi. 
Sympathetic organization: The peripheral sympathetic system consists 
of a two-neuron relay, with presynaptic (preganglionic) fibers arising 
from neurons in the medulla spinalis. These axons synapse onto neu- 
rons in the paired paravertebral ganglia trunci sympathici, which send 
axons to innervate the thoracic viscera and blood vessels. 

The cell bodies of the presynaptic motor neurons are located in the cor¬ 
nua lateralia of the thoracolumbar medulla spinalis (T1 to L2); the neu¬ 
rons involved in sympathetic innervation of the thorax are concentrated 
in upper thoracic levels. Axons from the paravertebral ganglion cells 
(postsynaptic [postganglionic] fibers) follow several courses: some fi¬ 
bers follow nn. intercostales to innervate blood vessels and glands in the 
chest wall; others accompany arteries to visceral targets; other groups 
of postganglionic axons gather in the nn. splanchnici major and minor 
and enterthe abdomen (see p. 218). 


Parasympathetic organization: The peripheral parasympathetic ner¬ 
vous system has a similar two-neuron relay, but its presynaptic neurons 
are in the truncus encephali and the ganglion cells are scattered in mi- 
croscopic groups in their target organs. The n. vagus (CN X) carries pre¬ 
synaptic parasympathetic motor axons from truncus encephali neurons 
into the thorax and gives off the following branches: 

• Rr. cardiaci to the plexus cardiacus (cor) 

• Rr. oesophagei to the plexus oesophageus (oesophagus) 

• Rr. tracheales (trachea) and rr. bronchiales to the plexus pulmonalis 
(bronchi, pulmonary vessels) 

The nn. vagi continue beyond these branches, following the oesopha¬ 
gus into the abdomen (see p. 219). 

Note: The n. vagus also carries visceral sensory axons (mostly pressure 
sensation) for thoracic organs. The sensory neuron cell bodies are in the 
ganglion inferius nervi vagi (nodose); the first synapse in this sensory 
pathway is in the truncus encephali. 
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11. OverView of Neurovascular Structu res 
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B OverView of nerves in the thorax 

Anterior view. a The cor and part of the peri¬ 
cardium have been left in place in the medi¬ 
astinum medium to display the location and 
course of the nn. phrenici; b AII organs, except 
for the oesophagus and part of the trachea, 
and the nn. phrenici have been removed in or- 
der to display the trunci sympathici, nn. inter¬ 
costales and plexus oesophageus. 

The truncus sympathicus runs alongside the 
columna vertebralis in the thorax. Postsynaptic 
branches of the truncus sympathicus usually 
accompany the intrathoracic arteries to their 
target organ in the chest, where they enter the 
plexus associated with that organ (see p. 86). 
The nn. intercostales are all posterior. They 
arise from segmenta T1-T12 medullae spina¬ 
lis (the paired nerves arising from segmentum 
T12 are called the nn. subcostales because they 
run below the twelfth rib; not shown here) and 
they emerge below the T1 through T12 ver¬ 
tebra. They initially course with the intercos- 
tal vessels along the inferior border of the as¬ 
sociated rib. They supply motor innervation to 
the mm. intercostales and give sensory inner¬ 
vation to the T1-T12 dermatomes. Each n. in¬ 
tercostalis receives postsynaptic sympathetic 
fibers for the autonomic innervation of glands 
and vessels in the skin of the dermatomes (see 
Vol. I, General Anatomy and Musculoskeletal Sys¬ 
tem). The thoracic portions of the nn. vagi ini¬ 
tially run in the plane of the trachea, pass pos¬ 
terior to the two bronchi principales while giv- 
ing off branches, and then descend on the oe¬ 
sophagus, passing with it through the hiatus 
oesophageus into the abdomen. 

Note: The left and right nn. vagi are organized 
around the oesophagus to form the trunci vag¬ 
ales anterior and posterior. Topographically, 
these trunks are a continuation of the plexus 
oesophageus. Both trunks contain fibers from 
both nn. vagi: the truncus vagalis anterior con- 
tains more fibers from the left n. vagus, while 
the truncus vagalis posterior contains more fi¬ 
bers from the right n. vagus. The left n. vagus 
gives off the left n. laryngeus recurrens at the 
arcus aorticus, while the right n. vagus gives 
off the right n. laryngeus recurrens at the right 
a. subclavia. Each of these nerves is a recur¬ 
rent branch of the n. vagus that ascends into 
the neck. It is not uncommon for the nn. laryn¬ 
gei recurrentes to run more posteriorly in the 
neck than shown here, occupying the groove 
between the trachea and oesophagus where 
they are vulnerable during operations on the 
nearby gl. thyroidea. For clarity, the nn. laryn¬ 
gei recurrentes have been retracted slightly 
forward in this dissection. 

Note: The pericardium and diaphragma do not 
have an autonomic nerve supply (except their 
blood vessels). 
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12. Organs ofthe Cardiovascular System and their Neurovasculature 


12.1 Location of the Heart (Cor) in the Thorax 
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A The cor in situ, anterior view 

a Simplified illustration. The chest has been widely opened, and the 
cavitates pleurales and pericardium fibrosum have been cut open. The 
connective tissue has been removed from the mediastinum anterius 
to display the cor. Although the cavitates pleurales have been opened, 
the pulmones are not shown in a collapsed state, b Projection of the 
cor on the bony thorax. The cor lies within the pericardium, which is 
firmly attached to the diaphragma (see p. 90) but is mobile in relation 
to the pleura parietalis. A longitudinal axis drawn from the basis cordis 
to the apex cordis demonstrates that this “long axis” is directed forward 
and downward from right to left. Thus the cor, when viewed from the 
front, has an oblique orientation and is tilted counterclockwise within 
the chest. Along this axis it appears slightly “rolled” in a posterior direc- 
tion. Thus the ventriculus dexter faces forward, as pictured here, while 
the ventriculus sinister is only partly visible. As a resuit, all of the great 
vessels cannot be seen even when the basis cordis is viewed from the 
front. The short vv. pulmonales are covered by the cardiac silhouette be- 
cause they terminate at the atrium sinistrum, which is directed posteri- 
orly. The auriculae dextra and dextra (atrial appendages) are clearly vis¬ 
ible. The apex cordis points downward and to the left. Most of it is stili 
covered by pericardium in this dissection. Its movement, called the api- 


A. carotis communis A. carotis communis 

dextra and v. jugularis sinistra and v. jugularis 

interna dextra interna sinistra 



cal beat, is palpable as a fine motion in the fifth spatium intercostale on 
the left midclavicular line (see p. 101). The thin tunica serosa ofthe lam¬ 
ina visceralis pericardii serosi (see p. 90) gives the surface of the heart 
a shiny appearance. Under this membrane are clusters of fatty tissue in 
which the coronary vessels are embedded. 
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B The cor in situ, superior view 

Transverse section through the thorax at the level of T8 vertebra. View- 
ing the transverse section demonstrates the asymmetrical position of 
the cor in the mediastinum medium and its slight degree of physiologic 
counterclockwise rotation: the ventriculus sinister faces downward and 
to the left, while the ventriculus dexter faces forward and to the right. 
The ventriculus dexter thus lies almost directly behind the posterior wall 
of the sternum (with only the narrow mediastinum anterius interven- 
ing, see p. 71). The atrium sinistrum is in very close relationship to the 
oesophagus. The recessus costomediastinalis is interposed between the 


Area of hepatic 
dullness 



Area of relative 
cardiac dullness 
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C Cardiac dullness on percussion of the chest 

Anterior view (a) and transverse section viewed from above (b). In con- 
trast to the sonorous sound that is produced by the percussion of air- 
filled pulmo (see p. 128), the fluid-filled cor produces a flat sound on per¬ 
cussion known as cardiac dullness. The dullness may be absolute (at sites 
where there is no pulmo tissue to moderate cardiac dullness) or relative 
(at sites where pulmo tissue overlies the cor and adds resonance to the 
percussion sound). Accordingly, the area of absolute cardiac dullness is 


cor and sternum on the right and left sides. A relatively small space re- 
mains between the cor and columna vertebralis for the passage of neu- 
rovascular structures and organs: pars thoracica aortae, oesophagus, 
ductus thoracicus, w. azygos and hemiazygos, and portions of the au- 
tonomic nervous system. Each pulmo bears an indentation from the cor 
called the impressio cardiaca. This impression is larger in the pulmo sin¬ 
ister than in the pulmo dexter because of the cor’s asymmetric position. 
The potential spaces between the pleural layers and the pericardium se¬ 
rosum are considerably smaller than pictured here. 



located between the chest wall and cor while the area of relative cardiac 
dullness is located over the recessus costomediastinales dexter and sin¬ 
ister, which contain small expansions of pulmo tissue (see B). 

Note: Cardiac dullness gives way to hepatic dullness in the epigastrium 
and right hypochondriac region due to the anatomical extent of the he¬ 
par (see a). The boundaries of the cor can be roughly estimated from the 
area of cardiac dullness because the sound characteristics at the cardiac 
borders contrast with the more resonant pulmo sounds. 
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12.2 Pericardium: 

Location, Structure, and Innervation 


A Location ofthe pericardium in 
the thorax, anterior view 

The chest has been opened to dis- 
play the pericardium, which is the 
dominant structure in the medias¬ 
tinum inferius. It is attached infe- 
riorly to the fascia diaphragmatica 
by connective tissue. Anteriorly, it 
is separated from the posterior sur- 
face ofthe sternum only by connec¬ 
tive tissue ofthe mediastinum ante¬ 
rius (removed here, see p. 71). The 
pericardium is bounded laterally by 
the cavitates pleurales, from which 
it is separated by pars mediastina¬ 
lis pleurae. 
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B Cavitas pericardiaca and structure ofthe pericardium 

Anterior view of the empty pericardial sac. The pericardium consists of 
two layers, one within the other, that enclose and protect the heart: 

• Lamina parietalis. The lamina parietalis pericardii forms a sac with an 
outer surface, the pericardium fibrosum, composed of tough and in- 
distensible connective tissue which is partially attached to the dia¬ 
phragma. Its inner surface, facing the heart, is lined with a serous 
membrane. 

• Lamina visceralis ( epicardium ). This is a thin serous membrane which 
covers, and is firmly adherent to, the cor itself and the proximal parts 
ofthe greatvessels. 

The two tunicae serosae of the laminae parietalis and visceralis are 
closely apposed, but move freely over one another, allowing a gliding 
motion during the heartbeat. These two tunicae serosae are referred to 


together as the pericardium serosum. 

In the locations where the lamina parietalis is folded back onto the lam¬ 
ina visceralis covering the vessels, two sinuses are formed (see arrows): 

• The sinus transversus pericardii located between the arteries and 
veins 

• The sinus obliquus pericardii located between the vv. pulmonales 
sinistrae and dextrae 

Note: Because the pericardium cannot expand significantly, bleed- 
ing into the cavitas pericardii (e.g., from a ruptured myocardial aneu- 
rysm) will place increasing pressure on the cor as the blood accumulates 
within the sac. This condition, called cardiac tamponade, seriously com- 
promises the ability of the ventriculi to fili and pump blood, creating a 
threat of cardiac arrest. Similar problems may arise from inflammation 
ofthe pericardium (pericarditis). 
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C Openings in the pericardium 

a Posterior view of the cor with the epicardium, b Anterior view of the 
“empty” cavitas pericardiaca. An empty pericardium typically has eight 
openings by which vessels enter and leave the cor: 


• One opening for the aorta ascendens 

• One opening for the truncus pulmonalis 

• Two openings for the two venae cavae 

• Up to four openings for the four vv. pulmonales 
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D Innervation of the pericardium 

a Somatosensory and somatomotor components of the n. phrenicus 
b Sensory and motor distribution of the n. phrenicus 

Like the serous membranes of the diaphragma (pars diaphragmatica 


pleurae and peritoneum parietale), the pericardium (pericardium fibro¬ 
sum and lamina parietalis of pericardium serosum) is innervated by the 
nn. phrenici, which arise from segmenta cervicales C3-5 medullae spi¬ 
nalis. 
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12.3 Cor: 

Shape and Structure 


A. subclavia 
sinistra 


A. carotis 
communis sinistra 


Arcus aortae 


Truncus brachio¬ 
cephalicus 

A. pulmonalis 
dextra 

V. cava 
superior 

Aorta 

ascendens 



Ventriculus 

dexter 


Lig. arteriosum 


A. pulmonalis 
sinistra 

Vv. pulmonales 
sinistrae 


Truncus 

pulmonalis 



Auricula 

sinistra 


V. cava 
inferior 


Pericardium, 
cut edge 

Sulcus 

interventriculari 
s anterior 

Ventriculus 

sinister 


Apex cordis 


A Cor, facies sternocostalis 

Anterior view. The cor is a muscular hollow organ shaped approximately 
like a flattened cone. It consists topographically of a base, apex, and 
three surfaces: 

• The basis cordis, which is occupied by entering and emerging ves- 
sels, is directed superiorly, posteriorly, and to the right. 

• The apex cordis is directed inferiorly, anteriorly, and to the left. 

• The surfaces are described as facies anterior (sternocostalis), facies 
posterior, and facies inferior (diaphragmatica) (see B). 

The facies sternocostalis of the cor is formed chiefly by the ventricu¬ 
lus dexter, whose boundary with the ventriculus sinister is marked by 
the sulcus interventricularis anterior. The ventriculus sinister (occupying 
the inferior and posterior cordis) forms the left border and apex cordis. 


The sulcus interventricularis anterior contains the r. interventricularis an¬ 
terior ofthe a. coronaria sinistra (see p. 112) and the v. interventricu¬ 
laris anterior (v. cardiaca magna). Both vessels are embedded in fat and 
almost completely occupy the groove, so that the facies anterior of the 
cor appears nearly smooth. The atria sinistrum and dextrum are sepa- 
rated from the ventriculi by the sulcus coronarius, which also transmits 
coronary vessels (the intrinsic vessels of the cor, see pp. 112-115) The 
right auricula atrii lies at the root of the aorta ascendens , the auricula 
sinistra at the root of the truncus pulmonalis. The origin of the a. pul¬ 
monalis dextra from the truncus pulmonalis is hidden by the pars as¬ 
cendens aortae. For clarity, ali three illustrations in this series (A, C, D) 
show sites where the lamina visceralis ofthe pericardium is reflected to 
form the lamina parietalis. The pericardium extends onto the roots of 
the great arteries. 


B Facies of the cor 
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• Atrium dextrum with auricula dextra 

• Ventriculus dexter 

• Small part of ventriculus sinister with apex cordis 

• Auricula sinistra 

• Pars ascendens aortae, v. cava superior, truncus pulmonalis 

• Atrium sinistrum with termination of four vv. pulmonales 

• Ventriculus sinister 

• Part of atrium dextrum with termination of w. cavae superior and 
inferior 

• Ventriculus sinister with apex cordis 

• Ventriculus dexter 

• Part of atrium dextrum with termination of v. cava inferior 
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C Cor, facies posterior 

Posterior view. This dissection shows how the 
arcus aortae crosses over the truncus pulmo¬ 
nalis at the point where the trunk divides into 
the aa. pulmonales sinistra and dextra. Atthat 
site the aorta gives offthe three major arteries 
to the upper limbs, neck, and head: the trun¬ 
cus brachiocephalicus, left a. carotis commu¬ 
nis, and left a. subclavia. This view also clearly 
shows the terminations of the vv. pulmonales 
(usually four in number) in the atrium sinis¬ 
trum and the terminations of the two vv. ca¬ 
vae in the atrium dextrum. Note also the sinus 
coronarius in the posterior part of the sulcus 
coronarius, which runs between the ventricu¬ 
lus sinister and atrium sinistrum. This sinus is 
the collecting vessel for venous blood returned 
from the heart by the vv. cardiacae. 
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D Cor, facies diaphragmatica 

Posteroinferior view. The cor is tilted forward 
to give a better view of its facies diaphragmat¬ 
ica, which is formed by both ventriculi and the 
atrium dextrum with the termination of the v. 
cava inferior. If the cor were viewed from be- 
low, from the perspective of the diaphragma 
(not shown here), it would be obvious that 
both vv. cavae are in alignment: Looking into 
the v. cava inferior, one can see through the 
terminal part of the v. cava superior. 


E Structure of the cardiac wall 
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Endocardium 

Innermost layer, lines the cavities of the cor and 
lines the cuspides and pockets of the cardiac valves 

Single layer of epithelial cells with a subendothelial 
layer composed of collagen and elastic fibers; both 
layers are continuous with the intima of the vessels 

Myocardium 

Middle layer and thickest part of the cardiac wall; 
motor for the pumping action of the cor (see pp. 94 
and 95) 

Complex arrangement of muscle fibers 

Epicardium 

Outermost layer of the cardiac wall; part of the 
pericardium (see p. 90), forming its lamina 
visceralis 

Serous membrane (single layer of epithelial cells 
with underlying layer of connective tissue) 
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12.4 Structure of the Cardiae Musculature (Myocardium) 
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A Myocardial architecture 

a, b External musculature ofthe cor, simplified anteroinferiorview. The 
muscular walls of the ventriculi dexter and sinister have been win- 
dowed to display the deeper fibers. 

Note: The epicardium has been removed in a and b along with the 
subepicardial fat. The coronary vessels are not shown in order to dis¬ 
play more clearly the cardiac surface grooves (sulci interventriculares 
anterior and posterior). 

The musculature of the atria is arranged in two layers, superficial 
and deep. The superficial layer (shown here) extends over the atria 


and is common to both, whereas each atrium has its own deep layer. 
Looped and annular muscle fibers extend down to the atrioventricu- 
lar boundary and also encircle the ostia venarum. The ventricular 
musculature has a complex arrangement, consisting basically of a 
superficial (subepicardial), middle, and deep (subendocardial) layer. 
The superficial layer joins apically with the deeper layers to form a 
whorled arrangement of muscle fibers around the apex cordis (vor¬ 
tex cordis). The ventriculus dexter, which is a low-pressure system 
(see c), is less muscular than the ventriculus sinister and almost com- 
pletely lacks a middle layer. The subendocardial layer forms the tra- 
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beculae carneae and mm. papillares (see d and p. 101). 

The histological unit of the myocardium is the cardiac myocyte, a 
specialized form of cardiac muscle cell. Unlike their electronically iso- 
lated counterparts in skeletal muscle, cardiac myocytes form a syncy- 
tium in which membrane depolarization and contraction spread in a 
wave. 

c, d Myocardial cross-sections perpendicular to the long axis of the cor, 
viewed from above. c Schematic representation: The ventriculi in an 
expanded state (diastole, left figure), and in a contracted state (sys¬ 
tole, right figure). d Transverse section through a specimen during 


diastole. 

AII the sections clearly demonstrate the difference in thickness be- 
tween the left and right ventricular myocardia: The ventriculus sin¬ 
ister is part of the high-pressure system, and therefore its myocar¬ 
dium must generate a significantly higher pressure (120-140 mmHg 
during ventricular contraction) than the ventriculus dexter (approx- 
imately 25-30 mmHg). The difference in thickness is most pro- 
nounced during ventricular contraction (see c). Section d shows how 
the coronary vessels and subepicardial fat fili the sulci in the cor. 
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12.5 Cardiae Chambers 


Aorta 

ascendens 


Truncus 

pulmonalis 


A. pulmonalis 
dextra 

Crista terminalis 

Atrium sinistrum 



Vv. pulmonales 
dextrae 

Septum 
interatriale 

Limbus 
fossae ovalis 

Fossa ovalis 


Ostium venae cavae 
inferioris with valvula 
venae cavae inferioris 


Ostium sinus coronarii 
with valvula 
sinus coronarii 


A. pulmonalis 
dextra 

V. cava superior 

Conus arteriosus 

Crista 

supraventricularis 

Atrium dextrum 

Sulcus coronarius 

Valva atrioventri¬ 
cularis dextra, 
cuspis anterior 


Auricula dextra 
Crista terminalis 
Atrium dextrum 
Mm. pectinati 

Ventriculus dexter 


Ostium atriventri- 
culare dextrum, 
valva atrioventri¬ 
cularis dextra 


Arcus aortae 


Lig. 

arteriosum 


Truncus 

pulmonalis 


Vv. pulmonales 
sinistrae 


V. cava inferior 

Chordae 

tendineae 



M. papillaris 
anterior 


Valva trunci 
pulmonalis 


M. papillaris 
septalis 

Ventriculus 
sinister 

Septum inter¬ 
ventriculare 


— Apex cordis 


M. papillaris Trabecula 

posterior septomarginalis 


A Chambers ofthe right cor 

a Right lateral view of the atrium, b Anterior view of the ventriculus. 
The ventricular and atrial walls have been opened widely, and the heart 
wall has been cut open to display the internal chambers. 

The atrium dextrum (see a) consists of a posterior and anterior seg- 
ment. The posterior segment with the smooth-walled sinus venarum 
(not visible here) bears the ostia venarum cavarum superioris and in¬ 
ferioris venae cavae. A small valve at the ostium venae cavae inferioris 
(valvula venae cavae inferioris) directs blood in the prenatal circulation 
through the foramen ovale in the septum interatriale. Because the fo¬ 
ramen ovale is sealed shut postnatally, becoming the fossa ovalis (sur- 
rounded by a rounded margin, the limbus fossae ovalis), this valve at- 
rophies after birth. The ostium sinus coronarii also bears a small cres- 
cent-shaped valve (valvula sinus coronarii). The anterior segment, which 
comprises the actual atrium with the auricula, is separated from the 
posterior segment by a ridge, the crista terminalis. Small muscular tra¬ 


beculae, the mm. pectinati, arise from the crista terminalis, giving this 
segment an irregular wall texture. The wall of the atrium dextrum is thin 
(low-pressure system). 

The ventriculus dexter is divided into two segments by two muscular 
ridges, the crista supraventricularis and trabecula septomarginalis: the 
inflow tract posteroinferiorly (with the cor positioned in situ) and the 
outflow tract anterosuperiorly (see also p. 111). The muscular ridges of 
the trabeculae carneae project into the lumen ofthe ventricular inflow 
tract. Specialized extensions ofthe trabeculae, the mm. papillares, are 
attached to the cuspides of the valva atrioventricularis dextra by col- 
lagenous cords, the chordae tendineae (see p. 101). The outflow tract 
is cone-shaped and consists mainly ofthe conus arteriosus, which has 
a smooth wall. The right ventricular outflow tract expels blood into the 
truncus pulmonalis, whose ostium is guarded by the valva trunci pulmo¬ 
nalis. The wall of the ventriculus dexter is relatively thin (low-pressure 
system). 
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B Chambers of the left cor 

Left lateral view. a Ventriculus, b ventriculus and atrium. The ventricu- 
lar and atrial walls have been opened. 

The atrium sinistrum is smaller than the atrium dextrum (see Aa). Its 
muscular wall is thin (low-pressure system) and is smooth in areas de- 
rived embryologically from the ostia venarum pulmonalium. The rest of 
the atrium is lined by mm. pectinati. The vv. pulmonales, usually four in 
number, terminate in the atrium sinistrum. Occasionally a narrow tis- 
sue fold (valvula foraminis ovalis) is found on the septum interatriale, 
formed by a protrusion of the fossa ovalis into the atrium sinistrum. It 
marks the site of fusion between the embryonic septum primum and 
septum secundum. 

The ventriculus sinister has an inflow tract and outflow tract. The inflow 
tract begins at the left ostium atrioventriculare, which is guarded by the 
valva atrioventricularis sinistra (see p. 99). As in the ventriculus dexter, 


the wall of the left ventricular inflow tract is studded with trabeculae 
carneae, and mm. papillares are attached by chordae tendineae to the 
valva atrioventricularis sinistra. The outflow tract of the ventriculus sin¬ 
ister has smooth inner walls and lies close to the septum interventricu¬ 
lare. It leads to the aorta and is capped by the valva aortae at the root of 
the aorta ascendens (see p. 99). The septum interventriculare consists 
largely of muscle tissue (pars muscularis), and only a small portion near 
the aorta consists entirely of connective tissue (pars membranacea). 
The placement of the septum interventriculare between the cardiac 
chambers is marked externally by the sulci interventriculares anterior 
and posterior on the cardiac surface. The muscular wall of the ventricu¬ 
lus sinister is thick (high-pressure system), having approximately three 
times the thickness of the right ventricular wall (see Ab). The chambers 
of the left (and right) cor are lined by endocardium. 
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12.6 OverView of the Cardiae Valvae 

(Valve Plane and Cardiae Skeleton) 
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A OverView of the cardiac valvae 

Plane ofthe cardiac valvae viewed from above. The atria have been re- 
moved, and the great arteries have been transected at their roots. The 
cardiac valvae are classified into two types—atrioventricular and semi- 
lunar. AII heart valves lie in a plane, the valve plane. The cardiac valvae 
function as one-way valves. They ensure the unidirectional flow of blood 
between the atria and ventriculi (valvae atrioventriculares sinistra and 
dextra), and out ofthe heart (valva aortae and valva trunci pulmonalis). 
Valvae atrioventriculares. Located between the atria and ventriculi, 
the valvae atrioventriculares sinistra and dextra are composed of thin, 
avascular connective tissue covered by endocardium. They are classified 
mechanically as sail valves (see C) because the chordae tendineae (see 
C) constrain the movement of each cuspis like the tethering ropes on a 
sail. The function of these valvae is to prevent the reflux of blood from 
the ventriculi into the atria. 

• The valva atrioventricularis sinistra (valva mitralis) has two cuspides 
(bicuspid valve): a cuspis anterior (anteromedial) and a cuspis poste¬ 
rior (posterolateral). The cuspis anterior is continuous with the wall 
of the aorta. The alternate term valva mitralis is derived from the two 
major cuspides, which are similar in shape to a bishop’s miter. Subdi- 
visions in the lateral margins ofthe otherwise smooth valve have led 


some anatomists to describe small accessory cusps called the cuspi¬ 
des commissurales (usually two). These are not true cuspides, how- 
ever, and are not connected to the anulus fibrosus sinister ofthe car¬ 
diac skeleton (see B). The cuspides are tethered by mm. papillares 
(see C). 

• The valva atrioventricularis dextra has three cuspides ( valva tricuspida¬ 
lis ): cuspides anterior, posterior, and septalis. One or two small acces¬ 
sory cusps may also be found; they do not extend to the anulus fibro¬ 
sus dexter. 

Semilunar valves. These valves have three crescent-shaped valvulae of 
approximately equal size placed at the ostia ofthe truncus pulmonalis 
(valva trunci pulmonalis) and aorta (valva aortae). Like the valvae atrio¬ 
ventriculares, they are composed of thin connective tissue covered by 
endocardium. The semilunar valves are classified mechanically as pocket 
valves because their valvulae pouch into the ventriculus like bulging 
pockets. The wall ofthe aorta and truncus pulmonalis show slight dila- 
tions just above the valve (the sinus trunci pulmonalis and sinus aortae). 
The sinus aortae expand the cross-section ofthe aorta, forming the bul¬ 
bus aortae. The aa. coronariae dextra and sinistra branch off the base of 
the aorta just past the valva aortae (see pp. 112-115 for details). 
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B Skeleton of the cor 

The skeleton of the cor is a layer of connective tissue (often with consid- 
erable fat) that completely separates the myocardium of the ventriculi 
from that of the atria. The components of the cardiac skeleton in a nar- 
rowsense are as follows: 


• The anuli fibrosi dexter and sinister and intervening trigona fibrosa 

• The anulus fibrosus of the valva aortae, which is connected to both 
anuli fibrosi 

• The pars membranacea of the septum interventriculare (not shown 
here). 

In a broad sense, the anulus fibrosus of the valva trunci pulmonalis also 
contributes to the cardiac skeleton. It is connected by a collagenous 
band (tendo infundibuli) to the anulus fibrosus of the valva aortae. The 
valvae atrioventriculares are anchored to the anuli fibrosi, while the 
semilunar valves are each attached by connective tissue to their valvu- 
lar anuli fibrosi. Thus, the cardiac skeleton in the broad sense provides 
a mechanical framework for ali the cardiac valvae. Besides mechonicolly 
stabilizing the heart, the fibrous skeleton also functions as an electrical 
insulator between the atria and ventriculi. The electrical impulses that 
stimulate cardiac contractions (see p. 108 f) can pass from the atrium to 
the ventriculus only through the fasciculus atrioventricularis (bundle of 
His), and there is only one opening in the fibrous skeleton (in the trigo¬ 
num fibrosum dextrum) which transmits that bundle). 
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C Function of the valvae cordis during the 
cardiac cycle 

a and b Ventricular diastole; c and d Ventricu¬ 
lar systole, a and c Direction of blood flow in 
the left cor; b and d Valve plane viewed from 
a bove. 
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12.7 Cardiae Valves and Auscultation Sites 
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A Semilunarvalves ofthe outflow tracts (valva aortae and 
valva trunci pulmonalis) 

The valva aortae (a) and valva pulmonalis (b) have been displayed by 
cutting open the pars ascendens aortae and truncus pulmonalis and 
opening them up like a book. The valva aortae and valva trunci pulmo¬ 
nalis close the ventricular outflow tracts during diastole: 

• The valva aortae closes the left ventricular outflow tract. 

• The valva trunci pulmonalis closes the right ventricular outflow tract. 

These valves almost completely prevent the regurgitation of blood ex- 
pelled by the ventriculi. The origins of the arteriae coronariae sinistra 
and dextra can be clearly identified in the sinus aortae past the valvu¬ 
lae semilunares (a), and the origin ofthe a. pulmonalis dextra can be 
identified in the truncus pulmonalis (b). The free margin of each valvula 
semilunaris is thickened centrally to form a nodulus valvulae semiluna¬ 
ris, and on each side ofthe nodulus is a fine rim called the lunula valvae 
semilunaris. The nodulus and lunula ensure that the margins ofthe val¬ 
vulae appose tightly and completely during valva closure. Both the val¬ 


vae atrioventriculares (see p. 98) and the semilunar valvae may undergo 
pathological changes, usually due to inflammation (endocarditis). In- 
flammation may resuit in secondary vascularization of the initially avas- 
cular valvae, causing them to undergo fibrotic changes that stiffen the 
valvae and compromise their function. There are two main abnormali- 
ties of valvular mechanics, which may coexist in the same valva: 

• Valvular stenosis: Opening of the valva is impaired, causing a reduc- 
tion of blood flow across the valva. Usually this creates a pressure 
overload on the chamber proximal to the obstruction. 

• Valvular insufficiency: Closure ofthe valva is impaired, allowing blood 
to regurgitate into the chamber proximal to the valva. Such a patho¬ 
logical reflux creates a volume overload on the affected cardiac seg- 
ments. When the load exceeds a certain magnitude, surgical replace- 
ment ofthe valva may be necessary to prevent further damage to the 
cor. 

• Stenosis and insufficiency may coexist: A valva may become stuck in 
an intermediate position, unable to open or close completely. 
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B Valvae atrioventriculares and musculi papillares 

Anterior view of the valvae atrioventriculares sinistra (a) and dextra (b). 
The drawings represent a very early phase of ventricular contraction in 
which the valvae atrioventriculares have just closed. The mm. papillares 
are clearly displayed. There are three mm. papillares for the three cuspi¬ 
des of the valva atrioventricularis dextra (mm. papillares anterior, pos¬ 
terior, and septalis) and two mm. papillares for the two cuspides of the 
valva atrioventricularis sinistra (mm. papillares anterior and posterior). 
The mm. papillares (specialized extensions of the trabeculae carneae) 
are attached to the free margins of the valve cuspides by chordae tendin¬ 
eae. When the mm. papillares contract (valva closure), the chordae ten¬ 



dineae are shortened to restrict the motion of the valve cuspides. This 
keeps the cuspides from opening into the atria during ventricular con¬ 
traction (systole), thereby preventing the regurgitation of blood back 
into the atria. 

Note: Like other myocardial regions, the myocardium of the mm. papil¬ 
lares may suffer necrosis due to a myocardial infarction, leaving the cor- 
responding cuspis prone to prolapse into the atrium. Conversely, path- 
ological shortening of the chordae may also prevent the valva from 
closing completely. This also would allow blood to regurgitate into the 
atrium during ventricular systole, producing an audible heart murmur 
(see p. 110). 

C Auscultation of the valvae cordis 

The diagram shows the anatomical projection of the valvae onto the 
thorax, thus illustrating both the sites for auscultating the valvae cordis 
on physical examination and the areas to which abnormal heart mur- 
murs of the respective valvae are transmitted. The auscultation sites are 
more or less located at the center of the areas for the transmitted mur- 
murs. There are both physiological (see p. 110) and pathological heart 
sounds. Table D summarizes the anatomical location and auscultation 
sites of the valvae. 

In the healthy cor, blood does not generate a perceptible sound as it 
flows across the valvae cordis. But if the valvae are functionally im- 
paired as a resuit of disease (stenosis, insufficiency), the blood flow at 
the valvae cordis becomes turbulent. This type of flow produces audible 
sounds that are transmitted via the bloodstream. In most cases these 
sounds (murmurs) are not heard best over the anatomical projections 
of the valvae on the chest wall (due to sound muffling by the thick car- 
diac wall), but are heard more clearly at sites located downstream from 
the valvae (see D). 


D Anatomical projections and auscultation sites of the cardiac valves 


Valve 


Anatomical projection 


Auscultation site 


Valva atrioventricularis sinistra 
(valva mitralis) 

Valva atrioventricularis dextra 
(valva tricuspidalis) 

Valva aortae 

Valva trunci pulmonalis 


Fourth / fifth cartilago costalis on the left side Left fifth spatium intercostale on the linea 

medioclavicularis 

Sternum at the level of the fifth cartilago costalis Right fifth spatium intercostale close to the 

sternum* 

Left sternal border at the level of the third costa Right second spatium intercostale close to the 

sternum 

Left sternal border at the level of the third cartilago costalis Left second spatium intercostale close to the 

sternum 


* The left fifth spatium intercostale close to the sternum is also a common site for auscultation of the valva atrioventricularis dextra. 
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12.8 Radiographic Appearance of the Cor 
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A Postero-anterior (PA) chest radiograph 

a The patient stands with the anterior chest wall on the cassette (the 
beam “passes” through the patient in a posterior-to-anterior di- 
rection with the Central beam targeted at the level of the T6 verte¬ 
bra). The radiographs are taken with the patient keeping the mouth 
open, breathing in and holding the breath. The back ofthe hands are 
placed on the hips with the elbows turned forward; 

b Posterior-anterior radiograph (viewed from an anterior to posterior 
direction); 

c Heart shadow (cardiac silhouette) with structures that form the car- 
diac borders; 

d Topography of the cardiac shadow: right cor with inflow and outflow 
tract (gray); ventriculus sinister with outflow tract (red), atrium sinis¬ 
trum with inflow tract (blue). 


B Lateral chest radiograph 

a The patient is standing with his or her left side against the cassette 
(thus preventing the appearance of an enlarged cor), with the arms 
raised and crossed above the head. The Central beam is targeted a 
hand’s width below the left armpit; 
b Left lateral radiograph; 

c Heart shadow with structures that form the cardiac borders; 
d Topography ofthe cardiac shadow: right cor with inflow and outflow 
tract (gray); ventriculus sinister with outflow tract (red), atrium sinis¬ 
trum with inflow tract (blue). 

(Radiographs shown on this page are from Lange, S.: Radiologische Di- 
agnostik der Thoraxerkrankungen, 3. Aufl./Diagnostic Thoracic Radiol- 
ogy, 3rd edition Thieme, Stuttgart 2005) 
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C Oblique chest radiograph 

An oblique radiograph is taken with the patient turned 45 degrees to- 
ward the cassette. For optimal results, the distance between the cas- 
sette and the side of the columna vertebralis furthest away from it (“2” 
fig. Eb and Fb) should be two times the distance of the side closest to 
the cassette (“1 ” fig. Eb and Fb). 

a Right anterior oblique view (RAO): the right chest touches the cas¬ 
sette (the fencing position); 

b Left anterior oblique view (LAO): the left chest touches the cassette 
(the boxing position). 


RAO 


LAO 


Latera I 


PA 

D lllustration of the various X-ray projectioris (LAO, RAO, PA, 
lateral) in a transverse (axial) CT scan 

Note: axial images are always displayed from an inferior view (see p. 
106). 



Note: The direction of the X-ray beam is from posterior to anterior. How- (CT scans and radiographs on this page are from: Reiser, M. etal.: Radi- 
ever, the radiograph is viewed from the front. ologie [Duale Reihe], 2. Aufl./Radiology, 2nd edition Thieme, Stuttgart 

2006) 
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E Right anterior oblique (RAO) chest radiographraph 

a Radiograph (cor located on the right side of the columna vertebralis 
when viewed by examiner); 

b Heart shadow with structures forming the cardiac borders: the right 
anterior oblique view is along the longitudinal axis of the cor and is 
thus a loterol view. The ROA view mainly demonstrates the ventricu¬ 


lus dexter, its outflow tract, and the margin of the truncus pulmona¬ 
lis. 

c Topography of the cardiac shadow: right cor with inflow and outflow 
tract (gray); ventriculus sinister with outflow tract (red), atrium sinis¬ 
trum with inflow tract (blue). 



F Left anterior oblique (LAO) chest radiograph 

a Radiograph (cor located on the left side of the columna vertebralis 
when viewed by examiner); 

b Heart shadow with structures forming the cardiac borders: the left 
anterior oblique radiograph is a true frontal view (perpendicular to 
the RAO projection). The LAO projection is also referred to as the 


“opened up aortic arch” view, since it shows the entire length of the 
arcus aortae. Structures that form the cardiac borders mainly include 
the ventriculi dexter and sinister. 

c Topography of the cardiac shadow: right cor with inflow and outflow 
tract (gray); ventriculus sinister with outflow tract (red), atrium sinis¬ 
trum with inflow tract (blue). 
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12.9 Sonographic Appearance of the Cor: 
Echocardiography 



a 


A Transthoracic echocardiography (TTE) and transesophageal 
echocardiography (TEE) 

Echocardiography (cardiac ultrasound) is one ofthe most common pro- 
cedures in the diagnosis of heart disease and is considered the most im¬ 
portant, noninvasive imaging technique in cardiology. An essential com¬ 
ponent of every echocardiography device is the transducer. Through its 
piezoelectric crystals, the transducer generates ultrasonic waves, passes 
them into the body and receives the reflected ultrasound signal. Mod- 
ern transducers contain many single crystals, which work in parallel and 
generate wave fronts resulting in a two-dimensional image (B-mode 
ultrasound). An echocardiogram is usually done with the patient lying 
down. The site where the transducer is placed is called the “acoustic 
window,” a place on the body where the passage of sonic waves cannot 
be impeded by tissue of the pulmones or ribs (for example in the spa¬ 
tia intercostalia). It is worth noting that the acoustic window is not an 
exactly determined anatomical landmark but rather refers to an area, 
within which the optimum transducer location has to be determined 
individually for every patient. Depending on the acoustic window, one 
distinguishes between transthoracic (TTE) and transesophageal (TEE) 
echocardiography: 

• In transthoracic echocardiography (a), the acoustic window is lo- 
cated with the patient in the left lateral position (for parasternal and 



apical acoustic Windows), with the patient lying flat on their back (for 
suprasternal and subcostal acoustic Windows), or with the patient in 
the right lateral position (for the right parasternal acoustic window). 
In the lateral position, the respective arm is placed under the head to 
spread the spatia intercostalia as much as possible. A disadvantage of 
this echocardiographic examination is that thoracic and pulmo struc- 
tures such as ribs, muscle, fat and even pulmonary diseases (such as 
emphysema) may impede the diagnosis. 

• In contrast to the conventional acoustic Windows used in TTE, trans¬ 
esophageal echocardiography (b) uses part of the oesophagus as 
the acoustic window. Similar to gastroscopy, a miniaturized trans¬ 
ducer is inserted through the cavitas oris and pharynx and into the 
oesophagus or fundus of the gaster. This places the probe close to 
the cor. Due to the short distance to the cor and the absence of inter- 
ference from pulmo or thoracic structures, TEE provides better im¬ 
age quality than TTE. TEE clearly depicts the dorsal surface of the cor, 
the cardiac valvae, and the pars descendens aortae thoracicae. Using 
a multiplane transducer (which can be rotated throughout 180 de- 
grees), pulling the transducer forward, backward, left and right, al- 
lows for a wide variety of sectional planes within the transesophageal 
acoustic window. 
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B Transthoracic echocardiography: Parasternal acoustic window 
(long-axis view) 

a Schematic representation (Note, the apex of the ventriculus sinister 
is not shown); b Parasternal longitudinal view during isovolumic relax- 
ation (from: Flachskampf, F.: Kursbuch Echokardiografie, 4,. Aufl./Text- 
book Echocardiography, 4th edition, Thieme, Stuttgart 2008). 


The echocardiographic examination usually begins with the paraster¬ 
nal longitudinal view. It is defined by the appearance of the valva aor¬ 
tae and valva mitralis, the septum interventriculare, which runs horizon- 
tally, the posterior wall ofthe ventriculus sinister and part ofthe ventric¬ 
ulus dexter. Short axis parasternal views ofthe cor can be obtained by 
rotating the transducer 90 degrees (see C). 
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C Transthoracic echocardiography: Parasternal acoustic window 
(short axis view) 

a Schematic representation of the major short-axis views (imaging 
planes A, B, C, and D relative to a long-axis view); b Basal short-axis 
view at the level of the valva aortae (from: Flachskampf, F.: Kursbuch 
Echokardiografie, 4,. Aufl./Textbook Echocardiography, 4th edition, 
Thieme, Stuttgart 2008). 


This imaging plane shows at its center the valva aortae along with its 
three valvulae (valvulae semilunares sinistra, dextra and posterior (val¬ 
vula non coronaria), see B, p. 120). In this scan, the valva aortae is sur- 
rounded by the following structures from clockwise: outflow tract of 
the ventriculus dexter (12 o’clocl<), valva trunci pulmonalis (2 o’clocl<), 
atrium sinistrum (5-7 o’clocl<), atrium dextrum (7-10 o’clocl<) and valva 
tricuspidalis (10 o’clocl<). 
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D Transthoracic echocardiography: Apical acoustic window 
(two- and four chamber views) 

a and b Schematic representation (four- and two chamber views are per- 
pendicular to each other; c Apical four chamber view at the beginning of 
systole (from: Flachskampf, F.: Kursbuch Echokardiografie, 4,. Aufl./Text¬ 
book Echocardiography, 4th edition Thieme, Stuttgart 2008). 


The apical acoustic window is located approximately at the level of the 
apical impulse. The apical four-chamber view displays both ventriculi 
(VS, VD), both atria (AS, AD) and the valvae mitralis and tricuspidalis 
(VM, VT). Additionally, this window allows for the visualization of indi- 
vidual structures such as the septum and lateral portions of the myocar¬ 
dium during contraction. 


E Transesophageal echocardiogram for atrial septal defect 

Color-coded Doppler echocardiography displays a left-to-right shunt, 
esophageal acoustic window (four-chamber view). The atrial septal de¬ 
fect measures 1 cm in diameter. The Doppler echocardiography allows 
simultaneous imaging of the two-dimensional ultrasound scan and 
the color-coded Doppler technique. The blood flow is color-coded ac- 
cording to its direction and velocity. In this way, valva insufficiency and 
shunting of blood can be detected. (from: Reiser, M. et al.: Radiologie 
[Duale Reihe], 2. Aufl./Radiology, 2nd edition Thieme, Stuttgart 2006). 


Defect 
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12.10 Magnetic Resonance Imaging (MRI) ofthe Cor 


A Examinatiori of cross-sectional images 

Examinatiori of axial or transverse cross-sec¬ 
tional images is done from an inferior view as 
if the patient is lying flat on his or her back. 
Thus, the planes of section are displayed with 
the columna vertebralis, located posteriorly, 
pointing downward and the skeleton thoracis, 
located anteriorly, pointing upward. Addition- 
ally, anatomical structures located on the right 
side appear on the left side of the image and 
vice versa. 

The examination of frontal or coronal cross- 
sectional images is done as if the patient is 
standing in front of, and facing, the examiner. 


T6 

T7 

T8 




f Left ventricular outflowtract 
(three chamber view) 


e Left ventricular outflow tract 


d Four chamber view 


B OverView of the Standard views of a cardiac MRI 

Cross-sectional imaging techniques for diagnosis ofthe heart use cer- 
tain Standard views obtained in multiple planes (a-d). In the single 
cross-sectional images, the plane of section for the following image has 
been marked (e.g., a shows a transverse section ofthe cor and the line 


corresponds to a longitudinal section ofthe ventriculus sinister parallel 
to the septum (b), etc.). 

(AII MRIs in this chapter are from Claussen, C. D. et al.: Pareto Reihe Ra- 
doiologie. Herz/Pareto series radiology, heart, Thieme, Stuttgart 2007.) 
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C Coronal MRI of the cor (SSFP sequence) 

a Image displays left ventricular outflow tract 
(LVOT) during diastole 

b Corresponding coronal (frontal) anatomical 
cross-section of the cor, anterior view 
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D Axial MRI of the cor (SSFP sequence) 

a Image displays the atrioventricular connec- 
tions of both the right and left sides of the 
cor during diastole (four-chamber view). 
b Corresponding transverse anatomical cross 
section of the cor, inferior view 
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E Sagittal MRI of the cor (SSFP sequence) 

a Image displays the right ventricular outflow 
tract (RVOT) during diastole. 
b Corresponding sagittal anatomical cross- 
section of the cor, viewed from the left side 
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12.11 Impulse Formation and Conduction System ofthe Cor; 
Electrocardiogram 
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A OverView of cardiac impulse formation and conduction 

Anterior view (a), right lateral view (b), left lateral view (c). 

Even when the extrinsic nervous control of the cor is completely dis- 
rupted, it continues to beat. When supplied with oxygen and nutrients, 
it can even keep beating after it has been removed from the chest. This 
is made possible by an intrinsic, independent system that generates and 
conducts excitatory impulses in the cor. This system consists of special- 
ized myocardial cells and has four main parts: 

• Nodus sinuatrialis (SA node, sinus node) 

• Nodus atrioventricularis (AV node) 

• Fasciculus atrioventricularis (AV bundle, bundle of His) 

• Crura dextrum and sinistrum 

SA node (the “pacemaker” ofthe cor, approximately 1 cm long). The car¬ 
diac impulse begins in the SA node, a subepicardial node locatedon the pos¬ 
terior side of the atrium dextrum near the ostium venae cavae superioris. 
The SA node generates salvos of impulses which stimulate the atrial myo¬ 
cardium at a resting rate of 60-70 beats/min. The atrial impulses spread 
rapidly toward the ventriculi (particularly in the crista terminal-is and inter- 
nodal bundles between the SA and AV nodes, as shown by electrophysio- 
logic studies). The impulses travel from the AV node to the fasciculus atrio¬ 
ventricularis, which distributes branches to the ventricular myocardium. 
(Direct impulse conduction from the atrium to the ventriculi is normally 
prevented by the insulating effect of the fibrous skeleton.) 

AV node (approximately 5 mm long): located in the septum interatriale 


near the ostium sinus coronarii. This node delays impulse conduction to 
the ventriculi, allowing both atria to depolarize before ventricular con- 
traction begins. It can also generate impulses spontaneously, but at a 
considerably lower rate than the SA node (approximately 40-50 depo- 
larizations/min). Because of its slower rate, the AV node cannot act as a 
pacemaker for the cor when the SA node is intact. 

Fasciculus atrioventricularis (bundle of His) (approximately 2 cm long). 
The fasciculus atrioventricularis is subendocardial while stili in the atrium. 
It then passes through the trigonum fibrosum dextrum (see p. 99) to en- 
terthe septum interventriculare, where it divides (in the pars membrana¬ 
cea ofthe septum) into the crura dextrum and sinistrum. The AV bundle 
conducts impulses from the AV node to the ventriculi. 

Crus sinistrum: branches to the left from the bundle of His and divides 
into three main fascicles (anterior, middle, and posterior). 

Crus dextrum: initially continues in the septum interventriculare toward 
the apex cordis and is then distributed to the ventricular wall. The main 
trunk of the crus dextrum enters the trabecula septomarginalis, known 
also as the “moderator band.” Finally the impulse is distributed through- 
out the ventricular myocardium by the Purkinje fibers. 

Note: The Purkinje fibers stimulate the ventricular walls in a retrograde di- 
rection, proceeding from the apex cordis toward the atria. Thus the api- 
cal myocardium contracts first, pulling the apex cordis toward the plane 
ofthe valvae. The mm. papillares, which are stimulated by direct fibers 
from the crura, contract before the ventricular walls to ensure that the AV 
valves remain closed during ventricular systole. 
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B Electrocardiogram (ECG): Standard leads 

a Bipolar limb leads after Einthoven; b Unipolar limb leads after Gold- 
berger; c Chest wall leads after Wilson. 

Electrical impulses (called action potentials) generated by the SA node 
spread across the entire cor via its conduction system (see left page). 
The impulses produce an electric field, which is measurable on the body 
surface. Across this electric field, potential differences of up to 1 mV 
(IV = 1000 mV) occur between different points on the body surface 
(e.g., between right arm and left leg) during the spread of cardiac exci- 
tation and depolarization. Electrodes are used to record these potential 
differences on the body surface in the form of lines, spikes and curves 
(electrocardiogram). In a healthy cor, the spikes and waves show spe- 
cific shapes and intervals between them, from which one can obtain in- 
formation about heart rate (and thus cardiac rhythm), the electrical ac- 
tivity of the cor, and especially about the functioning or nonfunctioning 
of the impulse formation and conduction system of the cor. The Stan¬ 
dard surface ECG includes recordings from 12 leads: 6 limb leads (I, II, III, 
aVR, aVL, aVF) and 6 chest wall leads (VI-V6). 
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C Names and definition of waves, spikes, and intervals in the ECG 


Name 

Definition 

Pwave 

Atrial depolarization (< 0.1 s) 

Q, R, and S wave 
(the QRS complex) 

Beginning of ventricular excitation (< 0,1 s) 

T wave 

End of ventricular excitation 

PQ interval 

Onset of atrial excitation until the onset of 
ventricular excitation = 

conduction time = 0.1-0.2 s 

QT interval 

Q spike until the end of the T wave = time needed 
for both ventricles for de- and repolarization = 
0.32-0.39 s. Varies based on the heart rate of the 
individual 

Cardiac cycle 

Interval between two R spikes 

Heart rate 

60s/distance between R spikes (s) = beats/minute; 
e.g., 60/0.8 = 75 



Pwave T wave QRS complex 


D ECG curve: Excitation cycle (recording of two heartbeats, 
after Wilson) 

The ECG waveform has several spikes and waves, whose names and defi- 
nitions are indicated in C. 
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12.12 Mechanical Aetion of the Cor 




A Phases ofthe heartbeat 

a and b Ventricular systole: isovolumetric con- 
traction (a) and ejection phase (b); c and d 
Ventricular diastole: isovolumetric relaxation 
(c) and filling phase (d); e Correlation between 
pressure, volume, ECG and heartbeats during 
systole and diastole. The heartbeat consists of 
two main phases: contraction (systole) and re¬ 
laxation (diastole). A total of four phases are dis- 
tinguished in the contraction and expansion of 
the ventriculi: 

Ventricular systole: 

• Isovolumetric contraction phase (a): The 
ventricular myocardium contracts and tight- 
ens around the blood column within the 
ventriculus. AII valvae are closed, that is, 
the AV valves are alreody closed (ventricu¬ 
lar pressure exceeds the atrial pressure), 
and the valvae aortae and trunci pulmona¬ 
lis are stili closed (ventricular pressure is stili 
lower than the intra-arterial pressure). Iso¬ 
volumetric contraction of the myocardium 
around the blood column produces a me¬ 
chanical vibration that is audible as the first 
heart sound. In fact, it is the closure of the 
valvae atrioventriculares, that produces the 
first heart sound. 

• Ejection phase (b): The AV valves remain 
closed and prevent the reflux of ventricular 
blood into the atria. As the intraventricular 
pressure exceeds the pressure in the arte- 




ries, the valvae aortae and trunci pulmona¬ 
lis, and blood flows into the aorta and trun¬ 
cus pulmonalis. 

Ventricular diastole: 

• Isovolumetric relaxation phase (c): The ven¬ 
tricular myocardium relaxes. AII valvae are 
closed during this phase: The AV valves are 
stili closed, and the valvae aortae and trunci 
pulmonalis are olready closed (to prevent 
the reflux of ejected blood back into the 
ventriculi). Closure ofthe valvae aortae and 
trunci pulmonalis (“slamming doors”) is au¬ 
dible as the second heart sound. Occasio- 
nally the arterial valvae close at slightly dif¬ 
ferent times, producing a divided second 
heart sound. 

• Filling phase (d): The intraventricular pres¬ 
sure is very low, and the arterial valvae re¬ 
main closed. The AV valves open, and blood 
flows into the ventriculi. Ventricular fill-ing 
results more from the movement of the 
valve plane than from atrial contraction: 
The valve plane moves toward the apex 
cordis during systole, and it returns very 
quickly to its initial position during diastole, 
“throwing itself” over the blood column. 

Note: During both the isovolumetric contrac¬ 
tion phase and the relaxation phase, there are 
periods in which all the valves are closed. By 
contrast, there is no point in the cardiac cycle 
when all valves are open. 
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Heart sounds 


51 = first heart sound 

(closure ofthe atrioventricular valves) 

52 = second heart sound 

(closure of the semilunar valves) 

53 = split second heart sound) the valva 

aortae (S2) closes before valva trunci 
pulmonalis (S3) 


e 


Heort sounds are normal acoustical phenom- 
ena produced by the cor. Abnormal valvu- 
lar heart sounds (murmurs) are described on 
p. 101. Although the first heart sound is gen- 
erated by ventricular contraction itself, that 
first sound is clinically associated with closure 
ofthe valvae atrioventriculares. 
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B Blood flow in the cor 

The septa between the atria and ventriculi functionally divide the cor 
into two main parts: the right cor and left cor. The cardiac valvae de- 
fine the direction of blood flow through both sides of the cor, enabling 
the right and left cor to function as finely coordinated tandem pumps. 
Blood flow in the right cor (a): Anterior view with the atrium dextrum 
and ventriculus dexter cut open. Venous blood from the vv. cavae supe¬ 
rior and inferior flows into the sinus venarum cavarum and enters the 
atrium dextrum. From there it flows across the open valva atrioventri¬ 
cularis dextra and passes through the ostium atrioventriculare dextrum 
along the inflow tract into the ventriculus dexter. Inside the ventricu¬ 
lus it is redirected into the outflow tract and pumped through the open 
valva trunci pulmonalis (shown closed here) and conus arteriosus into 


the truncus pulmonalis. From there it flows through the aa. pulmonales 
into the pulmones, where it is oxygenated. The right cor pumps blood 
with a low oxygen tension. 

Blood flow in the left cor (b): Left anterior view. AII of the cardiac cham- 
bers have been cut open anteriorly. Oxygenated blood from the pul¬ 
mone flows across the open valva atrioventricularis sinister and through 
the ostium atrioventriculare sinistrum along the inflow tract into the 
ventriculus sinister. There it is rerouted into the outflow tract and flows 
across the open valva aortae (shown closed here) through the ostium 
aortae into the aorta ascendens for distribution throughout the sys¬ 
temic circulation (after first perfusing the aa. coronariae). The left cor 
pumps blood with a high oxygen tension. 
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12.13 Arteriae Coronariae and Venae Cordis: 
Classification and Topography 


A Arteriae coronariae and venae 
cordis 

a Anterior view of the facies sternocos¬ 
talis ofthe cor 

b Posteroinferior view of the facies dia¬ 
phragmatica ofthe cor 

Because the cor functions continuously 
to pump blood, it has a high oxygen de- 
mand. This demand is met by the aa. 
coronariae dextra and sinistra—intrinsic 
cardiac vessels that have an extensive 
capillary network. The aa. coronariae 
spring from small dilations in the aorta 
(the sinus aortae) located just above 
the valva aortae. The main trunk ofthe 
a. coronaria sinistra, which is usually 
slightly larger, divides into 

• R. circumflexus: runs in the sulcus 
coronarius (boundary between the 
atrium and ventriculus) around the 
left side of the cor to the posterior 
heart wall 

• R. interventricularis anterior: runs in 
the sulcus interventricularis anterior 
(boundary between the ventriculi) to 
the apex cordis. Each of these vessels 
gives off smaller branches. 

The a. coronaria dextra, usually smaller 
than the a. coronaria sinistra, runs in the 
sulcus coronarius around the right side 
of the cor to the posterior wall, where it 
forms the r. interventricularis posterior. 
It also gives off numerous branches (see 
P- H4). 

Note: The aa. coronariae are functional 
end arteries because they form anas¬ 
tomoses that are not adequate for re- 
ciprocal blood flow. The aa. coronariae 
must efficiently deliver blood to an or- 
gan with constant high metabolic de¬ 
mand that is itself at elevated pressure, 
especially during systole. This difficult 
requirement is achieved in part by the 
anatomical relation between the valva 
aortae and the origin ofthe aa. coronar¬ 
iae, just superior to the valvulae. As the 
ventriculus sinister completes its con- 
traction and the distended aorta be- 
gins to recoil, the valva aortae is forced 
closed by the backflow and a local surge 
in pressure (a pressure hammer) devel- 
ops. This pressure hammer drives blood 
into the aa. coronariae. The cor is thus 
efficiently perfused at the maximum 
pressure that the cardiovascular system 
can reach. 

The vv. cardiacae usually course 
with the aa. coronariae and consist of 
the w. cardiacae magna, media, and 
parva. These veins open on the poste¬ 
rior heart wall into the sinus coronarius, 
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which empties into the atrium dextrum. Addi- 
tional smaller veins (w. cardiacae minimae, not 
shown here, Thebesian veins) open directly into 
the cardiac chambers, mainly the atrium dex¬ 
trum. 
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B Classification of the arteriae coronariae 

a Branches of the a. coronaria sinistra; b Branches of the a. coronaria 
dextra (anterior views of the facies sternocostalis). 

The diagram shows the normal or balanced circulation (70% of all 
cases). In the balanced type, the posterior wall of the cor (facies dia¬ 
phragmatica; clinically: posterior wall) is supplied equally by the aa. cor¬ 
onariae sinistra and dextra (for details about right or left dominant cor- 


onary circulation, see pp. 114 and 115). Based on a recommendation 
by the American Heart Association, the individual aa. coronariae are di- 
vided into segments: a. coronaria dextra (segments 1-4); a. coronaria 
sinistra (segments 5-15). Segment 5 corresponds with the main trunk, 
segments 6-10 with the r. interventricularis anterior, and segments 11 - 
15 with the r. circumflexus of the a. coronaria sinistra (see also p. 118). 


C Branches of the arteriae coronariae* 


Arteria coronaria sinistra (LCA) 

R. circumflexus (LCX) 

• Left rr. atriales 

• R. marginalis sinister (LM) 

• R. atrioventricularis sinister (LAV) 

• R. posterolateralis sinister (LPL or PLA) or r. posterior ventriculi sinistri 

R. interventricularis anterior (AIV or LAD, left anterior descending artery) 

• R. lateralis proximalis (r. diagonalis 1, DI) 

• R. lateralis distalis (r. diagonalis 2, D2) 

• Rr. interventriculares septales 

• R. coni arteriosi 


Arteria coronaria dextra (RCA) 

• R. nodi sinuatrialis (SAN) 

• Right rr. atriales 

• R. coni arteriosi 

• R. nodi atrioventricularis (AVN) 

• R. marginalis dexter (RM) 

• R. interventricularis posterior (PIV or PDA, posterior descending 
artery) 

• R. atrioventricularis dexter (RAV) 

• Rr. interventriculares septales 

• R. posterolateralis dexter (RPL or PLA) 

*RCA, LCA, LCX and LAD are common medical abbreviations. 


Aorta Truncus 

ascendens pulmonalis 



D Classification of venae cordis 

Anterior view of the facies sternocostalis. 


E Divisions of the venae cordis 


Vena cardiaca magna 

• V. marginalis sinistra 

• V. interventricularis anterior 

• V. ventriculi sinistri posterior 

Vena cardiaca media (v. interventricularis 
posterior) 

Vena cardiaca parva 

• V. ventriculi dextri anterior 

• V. marginalis dextra 


Note: Venous blood collected by the w. cardia¬ 
cae is largely (75%) carried to the atrium dex¬ 
trum via the sinus coronarius (coronary sinus 
system). Additionally, venous blood is drained 
via the transmural (superficial veins, which di- 
rectly drain into the atrium) and endomural Sys¬ 
tems (veins from the inner layer of the myocar¬ 
dium, which directly empty into the lumen). 
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12.14 Arteriae Coronariae: 
Coronary Circulation 



A. coronaria 
sinistra 


R. posterolateralis 
sinister 


R. circumflexus 


R. conus 
arteriosi 


R. interventri¬ 
cularis anterior 


R. nodi 
sinuatrialis 


R. marginalis 
sinister 


R. inter¬ 
ventricularis 
anterior 


R. conus 
arteriosi 


Rr. atriales 
dextri 


A. coronaria 
dextra 


Plane of 


section in b 

R. lateralis 
proximalis 

R. lateralis 
distalis 


R. marginalis 
dexter 


R. atrioventri¬ 
cularis sinister 


a 


R. interventri- R. posterolateralis Rr. interventri¬ 
cularis posterior dexter culares septales 


Posterior wall 

A, 


R. interventricularis 



Anterior wall 


A Balanced (normal) coronary supply 

a Course of the aa. coronariae dextra and sinistra (anterior view of the 
facies sternocostalis); b Cross-section of both ventriculi (area supplied 
by the a. coronaria dextra: colored in green, area supplied by the a. cor¬ 
onaria sinistra: colored in red). 

In the balanced type of circulation (70%), the posterior wall of the cor is 
supplied equally by the aa. coronariae sinistra and dextra (the r. interven¬ 


tricularis posterior comes offthe a. coronaria dextra). It is also referred to 
as codominant circulation supplying the posterior wall ofthe cor (facies 
diaphragmatica) (see B). 

Note: Since the branches of the a. coronaria dextra also supply major 
centers of the conduction system (nodus sinuatrialis, nodus atrioven¬ 
tricularis, fasciculus atrioventricularis), a narrowing of the a. coronaria 
dextra often leads to arrhythmia. 


B Distributiori of the arteriae coronariae sinistra and dextra 


Distribution 

Arteria coronaria sinistra 

Arteria coronaria dextra 

Atrium sinistrum 

Rr. atriales and a r. atrialis intermedius ofthe 
r. circumflexus 


Atrium dextrum 


Rr. atriales and r. atrialis intermedius 

Ventriculus sinister 

• Anterior wall 

• Latera 1 wall 

• Posterior wall 

• R. interventricularis anterior and its proximal and dis- 
tal rr. laterales (diagonal) 

• R. marginalis sinister ofthe r. circumflexus 

• Partly by the r. posterior ventriculi sinistri ofthe r. cir¬ 
cumflexus 

• Partly by the r. posterolateralis dexter 

Ventriculus dexter 
• Anterior wall 

• Strip near the septum by the r. coni arteriosi and 
small twigs from the r. interventricularis anterior 

• R. coni arteriosi with smaller twigs and the r. mar¬ 
ginalis dexter 

• Latera 1 wall 

• Posterior wall 


• R. marginalis dexter 

• R. interventricularis posterior 

Septum interventriculare 

Rr. interventriculares septales (supply the larger 
anterior part ofthe septum) 

Rr. interventriculares septales (supply the smaller 
posterior part of the septum) 

Nodus sinuatrialis (sinus node) 


R. nodi sinuatrialis 

Nodus atrioventricularis (AV node) 


R. nodi atrioventricularis 
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A. coronaria 
sinistra 


R. conus 
arteriosi 



Rr. atriales sinistri 


R. circumflexus 


R. marginalis 
sinister 


R. lateralis 
proximalis 


R. interventricularis 
anterior 


R. lateralis 
distalis 

Rr. interventri¬ 
culares septales 

R. interventri¬ 
cularis anterior 


R. interventri¬ 
cularis posterior 


R. atrioventri¬ 
cularis sinister 


R. posterolateralis 
sinister 


R. conus 
arteriosi 



R. nodi 
sinuatrialis 


Rr. atriales 
dextri 


R. nodi atrio¬ 
ventricularis 


R. atrioventri¬ 
cularis dexter 


Rr. interventri¬ 
culares septales 


A. coronaria 
dextra 


R. postero¬ 
lateralis dexter 


R. marginalis 
dexter 


R. interventri¬ 
cularis posterior 


C Left and right dominant coronary circulation 

a Left dominant circulation; b Right dominant circulation. 

Left and right dominant circulations each occur in 15% of corda. Both 
types of circulation differ in howthe posterior wall of the cor is supplied: 


plies the largest part of the posterior wall with the help of a strong r. 
posterolateralis dexter. The r. circumflexus of the a. coronaria sinistra 
is weakly developed (for details about the differences between the 
three types of circulation see also fig. Da-c) 


• Left dominant circulation (a) is dominated by a strong r. circumflex, 
which ends as the r. interventricularis posterior at the posterior wall. 
In addition to the posterior parts of the septum interventriculare, it 
also supplies parts of the ventriculus dexter. 

• Right dominant circulation (b) is dominated by the a. coronaria dex¬ 
tra, which in addition to the r. interventricularis posterior also sup- 


Note: Because the r. interventricularis posterior is variable in its devel- 
opment and origin, there is also considerable variation in the supply to 
the ventriculi sinister and dexter and septum interventriculare by the 
aa. coronariae dextra and sinistra. 


A. coronaria 
sinistra 


A. coronaria 
sinistra 


A. coronaria 
sinistra 





A. coronaria 
dextra 


R. posterolateralis 
sinister 


R. marginalis 
dexter 


R. circumflexus 


R. inter¬ 
ventri¬ 
cularis 
anterior 


R. nodi atrio¬ 
ventricularis 

R. atrialis 


A. coronaria 
dextra 


A. coronaria 
dextra 


R. marginalis 
dexter 


R. marginalis 
dexter 


R. circumflexus 

R. interventricularis 
anterior 


R. nodi atrio¬ 
ventricularis 


R. circumflexus 


R. interventricularis 
anterior 


R. interventricularis 
posterior 


R. interventricularis 
posterior 


R. interventricularis 
dexter 


Sulcus inter¬ 
ventricularis 
posterior 


Ventriculus 

dexter 



Septum 

inter¬ 

ventriculare 


Ventriculus 

sinister 


Sulcus interventricularis 
a anterior 


Sulcus inter¬ 
ventricularis 
posterior 


Ventriculus 

dexter 



Septum 

inter¬ 

ventriculare 


Ventriculus 

sinister 


Sulcus interventricularis 
b anterior 


Sulcus inter¬ 
ventricularis 
posterior 


Ventriculus 

dexter 



Septum 

inter¬ 

ventriculare 


Ventriculus 

sinister 


Sulcus interventricularis 
c anterior 


D Comparison of the types of coronary circulation 

a Balanced circulation (in 70% of corda); b Left dominant circulation 
(in 15% of corda); c Right dominant circulation (in 15% of corda). 


Diagrams each show a ventral view and a cross-section of both chambers, 
viewed from above; a. coronaria sinistra and area it supplies colored in 
red, a. coronaria dextra and area it supplies colored in green. 
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12.15 Coronary Heart Disease (CHD) and Heart Attack 




Comparison of normal and 
arteriosclerotic coronary arteries 


Necrotic area 



Cross-section ofthe 
infarct area (necrotic area) 


A Acute myocardial infarction 

Acute myocardial infarction is characterized by necrosis of myocardial 
tissue as a resuit of total occlusion or subcritical impairment of coronary 
blood flow (incidence rate in Germany 330/100,000 population per 
year). Acute myocardial infarction is often the resuit of coronary heart 
disease (CHD see C). Acute myocardial necrosis (myocardial infarction) 
usually occurs when an arteriosclerotic plaque ruptures (see D) which 
leads to thrombotic occlusion of one or multiple branches of the aa. cor¬ 
onariae (known as one-, two-, or three-vessel disease). Myocardial isch- 
emia lasting for 20-30 minutes results in tissue necrosis with the sub- 
endocardial layers ofthe myocardium being damaged first. They are the 
farthest away from the blood capillaries and have a high rate of oxygen 


consumption. The damage is the resuit ofthe myocardium switching to 
anaerobic glycolysis, which leads to a reduced ability to produce ATP. 
The increase in metabolic waste products also inhibits the production of 
glycolytic ATP. As a resuit, cells (in particular the cellular membrane, mi¬ 
tochondria, and sarcoplasmic reticulum) are irreversibly damaged. Sub- 
sequent intracellular calcium ion overload in turn leads to activation of 
membrane phospholipases and the formation of inflammatory media- 
tors. As a resuit, granulocytes and macrophages migrate into the infarct 
area. The necrotic area is filled in by the formation of granulation tissue. 
If the patient survives the myocardial infarction, the repair of the ne¬ 
crotic area, in which necrotic tissue is replaced by scar tissue composed 
of collagen, is usually complete by six weeks. 



B Infarct localizations and possible complications 

The following infarct localizations are based on the location of a. coro¬ 
naria stenosis: 

a Anterior wall infarction 
b Supra-apical anterior infarction 
c Anterior lateral infarction 
d Posterior lateral infarction 
e Posterior infarction 

Blockage ofthe a. coronaria dextra more frequently leads to arrhythmia 
because the a. coronaria dextra supplies the nodus sinuatrialis among 
other structures (see p. 114). Approximately 30% of all patients die 
within an hour of onset of acute myocardial infarction. The main causes 
of death include arrhythmia and the ensuing ventricular fibrillation (sud- 
den cardiac death) as well as left ventricular insufficiency and cardio- 
genic shock. Additional complications include cardiac ruptures (particu- 
larly septal perforation) with ensuing pericardial tamponade, mitral in¬ 
sufficiency caused by m. papillarius rupture, and myocardial aneurysm. 
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C OverView of coronary heart disease (CHD) and 
myocardial ischemia 

Definitioni Stenosis of the aa. coronariae, caused by atherosclerosis, 
which causes an imbalance between oxygen demand and supply in the 
area of the affected heart muscle leading to irreversible loss of myocar¬ 
dial tissue (also known as coronary sclerosis). Progression of CHD is de- 
termined by the extent and progress of coronary stenosis, which leads 
to reduced blood flow (myocardial ischemia) and thus to decreased oxy¬ 
gen supply in the respective myocardial area. 

Epidemiology: Most common cause of death in Germany; incidence of 
CHD increases after age 50 (in women mainly after menopause), with 
men three times more likely to develop CHD than women. 
Pathogenesis of myocardial ischemia (for details about the pathogen- 
esis of arteriosclerotic changes in the coronary vessels see D); Oxygen 
supply to the heart muscle is largely dependent on myocardial blood 
flow as maximal oxygen consumption occurs even in the resting state, 
and the arteriovenous oxygen difference cannot increase. Physical exer- 
tion or psychological excitement lead to an increase in myocardial oxy¬ 
gen demand. This is mainly due to an elevated heart rate and increased 
cardiac muscle contractility caused by activation of the sympathetic 
nervous system. A healthy heart responds by raising the diastolic ar- 
terial blood pressure and reducing coronary resistance to 20% of the 
resting value in order to rebalance the oxygen demand-to-supply ra¬ 
tio through higher coronary blood flow. This increase in coronary blood 
flow, which is 5 times the resting level, is called the coronary reserve. 


CHD is characterized by a reduction of coronary flow reserve, which in- 
dicates serious narrowing of the aa. coronariae. As a resuit, the supply 
of oxygen can’t satisfy the increased demand, which leads to myocar¬ 
dial ischemia. 

Clinical symptoms: Symptoms usually occur with a reduction in vascu- 
lar lumen size of 75 % or greater: 

• Cardinal sign: (angina pectoris ) squeezing, searing pain behind the 
breast bone (retrosternal), triggered by physical activity and/or psy¬ 
chological stress; pain often spreads to the left side of the thorax and 
the left arm, and sometimes to the neck, teeth, mouth, and jaw area 
as well as to the back. 

• Accompanying symptoms: sweating, shortness of breath, reduced 
functional capacity 

• Stable angina pectoris: pain vanishes when physical activity or stress 
has ended. 

• Unstable angina pectoris: more frequent bouts of pain, which are 
more severe and last longer. They don’t vanish once physical activity 
has ended or stress is over; significantly increased risk of heart attack. 

Note: 25% of patients with stable angina pectoris will develop a myo¬ 
cardial infarction within 5 years, patients with unstable angina pectoris 
will suffer a myocardial infarction within 4 weeks. In more than half of 
ali patients, sudden cardiac death or myocardial infarction are the first 
“signs” of CHD. 
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D Pathogenesis of arteriosclerotic changes in the arteriae 
coronariae (after Greten) 

a Initial lesion; b Early lesion; c Late lesion; d Coronary occlusion. 
Predilection sites of arteriosclerotic lesions are the proximal portions 
of the coronary vessels, particularly in the area where vessels divide as 
these areas are characterized by increased turbulent blood flow, which 
is a factor in initiating lesions. Coronary stenosis is caused initially by 
damage to the endothelium associated with certain risk factors (see E). 
With the help of adhesion proteins, monocytes attach to the sites of ini¬ 
tial lesions and migrate as macrophages into the vessel wall. Through 
accumulation of lipids (mainly oxidized LDL cholesterol), macrophages 
transform into foam cells. These arteriosclerotic early lesions are also 
known as fatty streaks. Subsequently, additional cells migrate into 


the vessel wall. As a resuit, smooth muscle cells and fibroblasts prolif- 
erate forming a fibrous matrix composed of collagen, proteoglycans, 
calcium, and extracellular lipid deposits. The latter become confluent 
and are stored in a cavity covered by a fibrous cap and neoendothelium. 
In this way, complex lesions develop. These fibrous plaques increasingly 
lead to luminal stenosis. In the course of further progression, particu¬ 
larly lipid-rich plaques may rupture which can lead to intraplaque hem- 
orrhage and formation of thromboses and subsequently to partial or 
complete coronary occlusion. These plaques, also known as vulnerable 
plaques, are characterized by high lipid accumulation, increased inflam- 
matory cell activity (macrophages and T-lymphocytes) and high con- 
centrations of tissue-resident coagulation factors. 


E Cardiovascular risk factors for arteriosclerosis and CHD 

Risk factors for CHD are conditions that occur more frequently in pa¬ 
tients with CHD than in healthy subjects. It should be noted that not all 
cardiovascular events can be explained by the presence of these risk fac¬ 
tors. The following risk factors promote arteriosclerosis and thus CHD: 

• Arterial hypertension 

• Being overweight (BMI > 25kg/m 2 ) 

• Lack of exercise 


• Hyperlipidemia (particularly lipid metabolic disorder with increased 
LDL levels and low HDL cholesterol) 

• Tobacco abuse 

• Diabetes mellitus 

• Hereditary disposition 

Note: The risk of developing CHD increases disproportionately if multi¬ 
ple risk factors are present. 
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12.16 Conventional Coronary Angiography 
(Heart Catheter Examinatiori) 



A Heart catheter examination: Principle 
and execution 

Conventional or selective coronary angiogra¬ 
phy (known as heart catheter examination) is 
an imaging technique, which uses X-rays and 
water-soluble iodinated contrast media to 
make the inside space, or lumen, of the aa. 
coronariae visible. It provides evidence for, or 
information about, the localization of coro¬ 
nary stenoses or occlusions. The heart cathe¬ 
ter examination is an invasive procedure. It is 
done by performing left heart catheterization. 
A pre-shaped, stable catheter, through which 
X-ray dye is injected into the arteries, is ad- 
vanced through the aorta. (Note: The aa. cor¬ 
onariae exit just above the valva aortae.) This 
is performed either via a transbroch/o/ or more 
commonly via a trans femorol approach (right 
a. femoralis puncture). The angiogram begins 
with the injection of contrast agents. Arte¬ 
ria coronaria perfusion is documented with X- 
rays. If possible, every segment ofthe aa. cor¬ 


onariae should be displayed using two projec- 
tions, which are perpendicular to each other 
(RAO and LAO projections, see D and E). Be- 
cause it is an invasive procedure, conventional 
coronary angiography is not without risks 
(e.g., sensitivity to contrast agents, vascular 
damage, cardiac complications). However, in 
specialized centers, the incidence of severe 
complications is less than 1%. 

Currently, selective coronary angiography is 
considered the gold Standard for the diagnosis 
of a. coronaria disease (approx. 600,000 diag- 
nostic and 200,000 interventional procedures 
per year in Germany). Other imaging technolo- 
gies (MR and CT coronary angiography), which 
are less invasive and carry a very low risk, serve 
as an alternative. Both procedures allow for a 
detailed display of the aa. coronariae without 
invasive arterial puncture and sometimes even 
without using contrast agents (MR angiogra- 
phy). 



B Arteria coronaria segmentation 

a A. coronaria dextra (RCA); b A. coronaria 
sinistra (LCA) and their individual segments (as 
suggested by the American Heart Association, 
AHA): a. coronaria dextra (segments 1-4); a. 
coronaria sinistra (segments 5-15). 

RCA 1 = proximal portion; 2 = mid portion; 
3 = distal portion; 4 = r. interventricu¬ 
laris posterior (PIV) and r. posterolatera¬ 
lis dexter (RPL) 

LCA 5 = main trunk of the a. coronaria sinis¬ 
tra 

LAD 6 = proximal portion; 7 = mid portion 
(distal toorigin offirst r. lateralis, DI); 8 = 
distal portion (distal to origin of second r. 
lateralis, D2);9 = D1; 10 = D2 
LCX 11 = proximal portion; 12 = distal portion 
(origin of r. marginalis sinister, LM); 13 = 
left r. atrioventricularis (LAV); 14 = r. pos¬ 
terior ventriculi sinistri; 15 = r. postero¬ 
lateralis sinister (LPL) 



C Severe stenosis of the r. circumflexus 

Selective coronary angiography in a 30 degree 
RAO projection. The arrow points to a severe 
stenosis in segment 11 (proximal portion) of 
the r. circumflexus (LCX); (from: Claussen, C.D. 
et al.: Pareto Reihe Radiologie. Herz,/Pareto 
Series Radiology. Heart, Thieme, Stuttgart 
2007). 
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D Selective coronary angiography of the a. coronaria sinistra in 
RAO projection 

a Course of the a. coronaria sinistra (LCA); b Selective coronary an¬ 
giography of the LCA; c Schematic representation of the individual 
branches. 

Note: In RAO projections, the columna vertebralis is always projected to 
the left side. 



LCA 


LAD 



D2 





E Selective coronary angiography of the a. coronaria dextra in 
LAO projection 

a Course of the a. coronaria dextra (RCA); b Selective coronary an¬ 
giography of the RCA; c Schematic representation of the individual 
branches. 

Note: In LAO projections, the columna vertebralis is always projected to 
the right side. 

(AII angiographic images on this page are from Thelen. M. et al.: Bildge- 
bende Kardiodiagnostik/Cardiac Imaging Thieme, Stuttgart 2007.) 
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12.17 Multislice Spiral Computed Tomography (MSCT) 
Coronary Angiography 


A Common cardiac imaging planes 
used in CT 

a At the level of the truncus pulmonalis; 
b Display of the heart chambers; c At the 
level of the aortic root; d Below the atrium 
sinistrum (from Reiser, M. et al.: Radiologie 
[Duale Reihe] 2. Aufl./Radiology, 2nd edition 
Thieme, Stuttgart 2006). 

Note: Because invasive conventional coronary 
angiography (see p. 118f) is followed by a cor¬ 
onary intervention (balloon dilatation, stent, 
see p. 122) in only 30-40% of cases, less inva¬ 
sive procedures such as MSCT coronary angi¬ 
ography have become an increasingly impor¬ 
tant tool in the diagnosis of coronary heart dis- 
ease (CHD, see p. 116). Nowadays, multislice 
spiral computed topography (MSCT) can an- 
swer almost all clinically relevant questions re- 
garding diagnostic and interventional radiol- 
ogy. It is possible, for example, to create 0.5 
mm thick slices or reconstruet three-dimen- 
sional images of the cor and coronary vessels 
with common 64-slice spiral computed topog¬ 
raphy without motion artifacts (using ECG syn- 
chronization) (see fig. Ea and b). 


B Representation of the origins of the 
arteriae coronariae 

Schematic representation of an axial CT sec- 
tion just above the valva aortae (see also sec- 
tional plane of Ac). In this representation, the 
aortic root is surrounded by the two atria and 
the right outflow tract (truncus pulmonalis). 
The location of the ventriculus sinister be- 
tween the branches of the main trunk of the a. 
coronaria sinistra is indicated. 

Note: The valva aortae with its three pocket- 
like valvulae forms three recesses or sinuses, a 
left-, a right-, and a non-coronary sinus, which 
are each delimited by their corresponding val¬ 
vula (valvulae semilunares sinistra, dextra, and 
non coronaria). The left a. coronaria sinistra 
arises from the left sinus coronarius, and the 
a. coronaria dextra from the right sinus coro¬ 
narius. Coronary anomalies usually involve the 
origin ofthe aa. coronariae. However, they are 
rarely encountered in the general population. 
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a b 

C CT anatomy of the origin of the arteriae coronariae 

a Axial CT section at the level of the origin ofthe aa. coronariae: 

LCS, RCS, NCS = left-, right-, and non-coronary sinus, 

RCA = a. coronaria dextra, 

LCA = main trunk ofthe a. coronaria sinistra, 

LCX = r. circumflexus, 

LAD, left anterior descending artery = r. interventricularis anterior, 

DI - diagonal branch 1; 

b Course of the a. coronaria dextra (RCA) toward the posterior wall of 
the cor and branching into a r. interventricularis posterior (PDA, pos¬ 
terior descending artery) and a r. posterolateralis dexter (RPL). 

(from Becker, C.: CT- Diagnostik der koronaren Herzkrankheit [Teii I: 
Indikation, Durchfuehrung und Normalbefundung der CT-Koronar- 
ography], Radiologie up2date1,/CT diagnosis of coronary heart dis- 
ease, Thieme, Stuttgart 2008.) 



LCA LCX LAD 


D CT anatomy of coronary sclerosis ofthe arteria coronaria 
sinistra 

Transverse (axial) section at the level where the a. coronaria sinistra 
originates. 

An important use of cardiac CT technology is in evaluating coronary cal¬ 
cium deposits in arteriosclerotic coronary arteries. This procedure does 
not require the use of contrast agents. The image shows a diffuse cor¬ 
onary sclerosis of the main trunk of the a. coronaria sinistra (LCA) as 
well as the r. circumflexus (LCX) and r. interventricularis anterior (LAD) 
(from: Claussen, C.D. et al;: Pareto Reihe Radiologie. Herz,/Radiology. 
Heart Thieme, Stuttgart 2007). 
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E Three-dimensional reconstruction ofthe cor using 
CT scan images 

a CT anatomy ofthe cor in a 30-degree RAO projection; b Anatomy of 
the cor in a 60-degree LAO projection. 

After the injection of contrast agent, the aa. coronariae (or rather the 
column of contrast medium) can be three-dimensionally reconstructed. 
Depending on which projection (RAO, right anterior oblique; LAO, left 
anterior oblique) and angulation was used (30 or 60 degrees), the clar- 
ity, with which the course ofthe aa. coronariae can be displayed, varies. 

pRCA, mRCA, and dRCA = proximal, middle, and distal portion ofthe a. 
coronaria dextra 

PDA, posterior descending artery = r. interventricularis posterior 

RPL = r. posterolateralis dexter 

SAN = n. nodi sinuatrialis 

LCA = main trunk of the a. coronaria sinistra 

pLAD, mLAD and dLAD, left anterior descending artery = proximal, mid¬ 
dle and distal portion ofthe r. interventricularis anterior 
LCX = r. circumflexus 
DI = diagonal branch 1 
LM1 and LM2 = r. marginalis sinister 

(from Becker, C.: CT- Diagnostik der koronaren Herzkrankheit [Teii I: 
Indikation, Durchfuehrung und Normalbefundung der CT-Koronarog- 
raphyj, Radiologie up2date 1,/CT diagnosis of coronary heart disease 
Thieme, Stuttgart 2008.) 
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12.18 Balloon Dilatation, 

Aortocoronary Venous and Arterial IMA Bypass 


A Interventional and surgical options for treatment of coronary 
artery stenosis 

The goal of coronary intervention is to improve the prognosis ( prognos- 
tic indicators) and/or symptoms (symptomatic indicators) in patients with 
coronary heart disease (CHD). By restoring sufficient perfusion and oxy- 
genation to the myocardium, myocardial performance is improved. Fail- 
ure to achieve satisfactory results by treating CHD with drugs indicates 
the need for interventional (invasive procedure using a catheter ad- 
vanced along the a. femoralis) or surgical treatments (surgery to open 
the thorax, etc.). Additionally, in cases of acute myocardial infarction, 
revascularization with aortocoronary bypasses becomes an increasingly 


important tool. The following procedures are the most commonly per- 
formed: 

• Interventional techniques (PCI = percutaneous coronary interven¬ 
tion): 

- percutaneous transluminal coronary angioplasty (PTCA) 

- percutaneous transluminal stent placement; 

• surgical coronary revascularization techniques: 

- aortocoronary venous bypass (ACVB) 

- internal mammary artery bypass (IMA bypass). 



B Percutaneous transluminal coronary angioplasty (PTCA) 

a Probing the a. coronaria using a guide catheter to insert a guide wire; 
b Passing the stenosis with a guide wire; c and d Placement of a bal¬ 
loon catheter over the guide wire and dilatation of the stenosis. 

The PTCA procedure consists of balloon dilatation of narrowed aa. cor¬ 
onariae. The a. femoralis (a) is punctured and a guide wire is used to 
probe the affected a. coronaria. Via the guide wire, a balloon catheter is 
placed in the narrowed portion ofthe artery and then inflated in a con- 
trolled fashion to 8-20 atm (c and d), resulting in the compression of 
plaque material and dilatation of the lumen. Approximately 50-80% of 


balloon dilatations are successful. However in 15-30% of all cases, a re- 
stenosis develops during the first year after the procedure. Contraindi- 
cations include high-grade stenoses in areas where the aa. coronariae 
branch. Due to possible complications (risk of perforation or occlusion 
as a resuit of intimal dissection), coronary dilatations are always per- 
formed with cardiovascular surgeons on standby. Since the long-term 
results (one year post procedure) of dilatations are worse than with by¬ 
pass surgeries, the use of dilatation methods is currently viewed very 
critically. 
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C Stent placement 

The placement of wire mesh stents is a Standard procedure (80% of all 
interventions) in PCI. Using balloon catheters, the metal stents are posi- 
tioned in the affected segment of the a. coronaria and expanded by in- 


flation of the balloon catheter (at 12 atm). The dilated segment is sup- 
ported by the stent and thus kept open. Compared to classic balloon 
dilatation, stent placement results in a considerably lower rate of reste- 
nosis (for example by causing less intimal hyperplasia). 


Aorta 



a Ventriculus Myocardium 


A. subclavia 




D Surgical coronary revascularization 

a Aortocoronary venous bypass (ACVB): In this type of surgical 
myocardial revascularization one or multiple venous grafts (usually 
from the v. saphena magna) are placed between the aorta ascen¬ 
dens and the post-stenotic segment of the a. coronaria. Thus, the 
grafted vessels bypass the occluded (right) or narrowed (left) seg- 
ments of the affected arteries. Necessary requirements include a 
vessel that can be anastomosed post-stenosis and has a diameter 
of at least 1 mm, and adequate peripheral drainage and functional 
myocardium in the affected region of the heart. Revascularization 
with venous bypasses plays an important role in the treatment of 
acute myocardial infarction. 

b Aortocoronary venous bypass in a patient with three vessel dis- 
ease: In this case, venous grafts are anastomosed to the a. coronaria 
dextra, and to the rr. interventricularis anterior and circumflexus of 
the a. coronaria sinistra. 


c Arterial IMA bypass (IMA = internal mammary artery): In addition 
to leg veins, arteries are increasingly being used for a. coronaria re¬ 
vascularization. Generally, the left and right internal mammary arter¬ 
ies (LIMA; RIMA; aa. thoracicae internae) are used as in situ grafts, or 
the a. radialis is used as a “free” graft. The distal a. thoracica interna 
is released from its vascular bed and its side branches tied off—up to 
where it branches from the a. subclavia. The artery is then anasto¬ 
mosed to the post-stenotic a. coronaria. The advantage of IMA by¬ 
passes over ACVB is a significantly lower occlusion rate. Compared 
with the patency rate for ACVB of 50% after ten years, 90% of arterial 
bypass grafts are patent after 10 years. Moreover, cardiac incidents 
(angina pectoris, myocardial infarction, sudden cardiac death) occur 
with less frequency following bypass surgery using IMA grafts than 
after venous bypass surgery. 
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12.19 Lymphatic Drainage of the Cor 
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A Lymph nodes and lymphatic drainage ofthe pericardium 

Anterior view ofthe opened thorax. The cavitates pleurales have been 
opened, and the pulmone and pleura have been retracted laterally. Due 
to the close topographical relationship between the cor and pericardium, 
the lymphatic drainage ofthe cor and pericardium is discussed together: 
Both pericardial and cardiac lymph is ultimately conveyed to the trunci 
bronchomediastinales, but through different primary nodi lymphoidei. 
Lymph node groups of varying size (nll. prepericardiaci and pericardiaci 


laterales) lie anterior and adjacent to the pericardium and are intercon- 
nected by a network of fine lymphatic vessels. These pericardial nodi lym¬ 
phoidei may drain inferiorly (to the nll. phrenici superiores) or cranially 
(usually to the nll. brachiocephalici). Lymph from the nll. pericardiaci is ul¬ 
timately conveyed to the trunci bronchomediastinales (see p. 83), which 
open at the junction of the w. subclaviae or internae jugulares dextrae 
and sinistrae. 
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B Lymphatic drainage of the heart wall (after Foldi and Kubik) 

Section through the heart wall. There are three networks of densely in- 
terconnected vasa lymphatica, corresponding to the three layers ofthe 
heart wall: 

• Epicardium (lamina visceralis of the pericardium serosum): A sub¬ 
epicardial network collects lymph from the epicardium and from the 
other two networks. The subepicardial network conveys the lymph 
to the collecting vessels and nodi lymphoidei ofthe cor. 

• Myocardium: The very extensive myocardial network collects lymph 
from the myocardium and also from the subendocardial network. 
Vasa lymphatica ofthe myocardial network often followthe distribu- 
tion ofthe vasa capillaria sanguinea that arise from the aa. coronar¬ 
iae. Thus the blood (red arrows) and lymph (green arrows) flow in op¬ 
posite directions. 

• Endocardium: A subendocardial network collects lymph from the 
endocardium and conveys it to the subepicardial network, either di- 
rectly or via the myocardial network. 
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C Lymphatic drainage of the cor (after Foldi 
and Kubik) 

The cor viewed from the anterior aspect (a, b) 
and posterior aspect (c). 

The lymphatic drainage of the ventriculi (and 
part of the atria) can be roughly divided into 
two regions (see a and b): 

• The left region (a) encompasses the ventric¬ 
ulus sinister, a small strip of the ventricu¬ 
lus dexter, and portions of the atrium sinis¬ 
trum. It conveys its lymph through a “left 
coronary trunk” to the nll. tracheobronchia¬ 
les inferiores, which drain to the junction of 
the vv. subclavia and jugularis interna dex¬ 
trae (directly or via the right truncus bron¬ 
chomediastinalis). 

• The right region (b) mainly encompasses 
the ventriculus dexter and portions of 
the atrium dextrum. It conveys its lymph 
through a “right coronary trunk” along the 
pars ascendens aortae and then to the junc¬ 
tion of the vv. subclavia and jugularis in¬ 
terna sinistrae. 

This arrangement creates two “crossed” path- 
ways for lymphatic drainage: 

• Right region -> “right coronary trunk” -> 
junction of the vv. subclavia and jugularis 
interna dextrae; 

• Left region -> “left coronary trunk” -> junc¬ 
tion of the vv. subclavia and jugularis in¬ 
terna sinistrae. 

Lymphatic drainage of the rest of the atria: 

Portions of the atria that are outside the above 
regions drain to the nll. tracheobronchiales in¬ 
feriores or to the ipsilateral nll. bronchopulmo¬ 
nales and thence to the trunci bronchomedi¬ 
astinales. 



Truncus coronarius 
c dexter 
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12.20 Innervation of the Cor 
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A Autonomic nerves ofthe cor 

Anterior view of the opened thorax with the pulmonales, pleura, and in- 
ternal fasciae removed. The pericardium has been broadly opened ante- 
riorly. The vessels surrounding the cor are intact except for a portion of 
the aorta ascendens, which has been removed to display the a. pulmo¬ 
nalis dextra. Part ofthe upper abdomen is also shown. The plexus car¬ 
diacus, plexus pulmonalis, and plexus aorticus thoracicus can be clearly 
identified on the cor and surrounding vessels. These plexuses receive 
fibers from the nn. vagi and truncus sympathica. The nn. vagi dexter 
and sinister initially run in the anterior part ofthe mediastinum super¬ 


ius. After giving off branches to the plexuses, they enter the mediasti¬ 
num posterius (see B). Sympathetic fibers pass to the plexus cardiacus 
in the form ofthe nn. cardiaci cervicales (from the three ganglia cervica¬ 
lia) and rr. cardiaci thoracici (from the ganglia thoracica) (see B). 

Note: Most of the autonomic fibers in the plexuses are extremely fine, 
but in this dissection they are shown larger for clarity. The n. phrenicus 
does not innervate the cor but does give off somatosensory branches to 
the pericardium (rr. pericardiaci, not shown here) in the mediastinum 
medium on its way to the diaphragma (see p. 91). 
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B Autonomic innervation of the cor 
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Parasympathetic: N. vagus fibers from the 
nucleus posterior nervi vagi give offthe rr. car¬ 
diaci cervicales superiores and inferiores in the 
neck and the rr. cardiaci thoracici in the thorax. 
The rr. cardiaci pass to the plexus cardiacus. 
Sympathetic: The three sympathetic ganglia 
cervicalia give off the nn. cardiaci cervicales 
superior, medius, and inferior, and the gan¬ 
glia thoracica give off the rr. cardiaci thorac¬ 
ici. AII of the rr. cardiaci radiate to the plexus 
cordiocus, which distributes fibers to the nodus 
sinuatrialis, nodus atrioventricularis, myocar¬ 
dium, and coronary vessels. The sympathetic 
axons, all postsynaptic, innervate all these tar- 
gets directly, while the parasympathetic ax¬ 
ons from the n. vagus synapse to the nodus 
sinuatrialis, nodus atrioventricularis, myocar¬ 
dium, and coronary vessels. The pars sympath¬ 
ica increases the rate and force of myocardial 
contractions and dilates the coronary vessels, 
while the pars parasympathica acts primarily to 
slow the heart rate. Drugs that act on both Sys¬ 
tems are used in the treatment of numerous 
diseases including hypertension, myocardial 
infarction, and cardiac arrhythmias. 

Note: Since the cor has its own pacemaker (see 
p. 108), the autonomic nervous system does 
not generate the heartbeat, but instead acts 
on the SA node to regulate cor rate, and on 
other areas of the heart to modulate its func- 
tion under different physiological loads. 




C Autonomic plexuses about the cor 

Extensive autonomic nerve plexuses are formed on the cor and sur- 
rounding vessels. These plexuses receive fibers from the partes sym¬ 
pathica and parasympathica of the nervous systems (not shown here): 

• Plexus cardiacus: located on the cor, especially prominent at the ba¬ 
sis cordis and along the coronary vessels (cardiac innervation). 

• Plexus aorticus thoracicus: located about the aorta thoracica (fibers 
to the cor and other plexuses: plexus pulmonalis, plexus oesopha¬ 
geus). 

• Plexus pulmonalis: surrounding the aa. (and vv.) pulmonales and the 
bronchi. The plexus pulmonalis is consistently paired, the two parts 
being connected to each other and to the plexus cardiacus (supply 
the arbor bronchialis and intrapulmonary vessels). 


D Referred pain and autonomic reactions associated with 
heart disease 

In patients with heart disease, especially coronary occlusive disease (an¬ 
gina or infarction), the pain radiates to characteristic body regions: 

• Left shoulder and left arm (particularly the inside of the left arm) 

• Left half of the neck and head (jaw pain may present as a “tooth- 
ache,” cranial pain as a “headache”) 

• Left epigastric region. 

Autonomic reactions may be noted in the dermatomes over the cor 
and in more distant dermatomes: a change in cutaneous blood flow, 
sweating, piloerection (body hairs “standing on end”), and occasional 
pupillary dilation (mydriasis) in the left eye. 
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13.1 Lungs: 

Location in the Thorax 
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A Location ofthe lungs in the thorax: Topographical relations 

a Transverse section through the thorax, superior view. The lungs com- 
pletely occupy the cavitates pleurales sinistra and dextra flanking the 
mediastinum. Anteriorly, they approach each other in front of the 
pericardium and posteriorly they are located close to the columna 
vertebralis. Due to the asymmetrical position ofthe cor, the left lung 
is slightly smaller than the right lung (see D). 


b Projections of the lungs onto the skeleton thoracis, anterior view. Su- 
periorly, both lungs extend above the apertura thoracis superior; in- 
feriorly, the undersurface of the lungs arches over the domes of the 
diaphragma. The distinet notch at the inferior medial border ofthe 
left lung is due to the heart, which is partially overlapped by the me¬ 
dial border ofthe lungs. 



B Percussion field ofthe lungs 

Anterior view. The air-filled lungs constitute a resonant cavity that pro¬ 
duces a sonorous lung sound on percussion of the chest. The sonorous 
lung field extends cranially, with attenuation, to the apices of the lungs 
at the apertura thoracis superior. It also extends to the front of the 
chest, again with attenuation, and closely approaches the anterior mid- 
line (recessus costomediastinalis with margo anterior pulmonis on deep 
inspiration, see pp. 130 and 133). The fluid-filled cor dampens the lung 
sounds, producing an area of cardiac dullness (see p. 89). A sharp transi- 
tion from lung sound to liver sound is clearly audible at the margo infe¬ 
rior ofthe right lung, since the hepar is a solid organ with less resonance 
(medium-pitehed, nonsonorous percussion sound). 

Note: The lung percussion field does not precisely mateh the anatomical 
extent ofthe lungs because only well-aerated portions ofthe lung are 
sonorous to percussion. The anatomical extent of the lungs is greater 
than the percussion field. 
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C Radiographic appearance ofthe normal lungs 

Anterior view. Different regions ofthe lungs show different degrees of lu- 
cency in the chest radiograph. The perihilar region ofthe lung (where the 
bronchi principales enter the lung and vessels enter and leave the lung) 
is less radiolucent than the peripheral region, which contains small-cal- 
iber vascular branches and bronchi segmentales. Additionally, the peri¬ 
hilar lung region is partly covered by the cor. These “shadows” appear as 
white or bright areas on the radiograph. The same effect is observed in 
diseased lung areas, which appear more opaque as a resuit of fluid infil- 
tration (inflammation) ortissue proliferation (neoplasia). These opacities 
are easierto detect in the peripheral part ofthe lung, which is inherently 
more radiolucent than the perihilar lung. 
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D The lungs in situ 

Anterior view of the opened thorax (depiction simplified). The cor and 
pericardium have been removed. The vessels surrounding the cor have 
been transected, and all mediastinal connective tissues have been re¬ 
moved. The lungs have been retracted laterally to stretch and expose 
the bronchi principales. The cavitas abdominis has been opened and 
eviscerated, leaving only the gaster in place. The pars cervicalis ofthe 
trachea is stili visible belowthe cartilago cricoidea. Shortly below its en- 
try into the chest through the apertura thoracis superior, the trachea is 
almost completely obscured by the great vessels (see p. 88). The pars 
thoracica ofthe oesophagus can be seen belowthe bifurcatio tracheae, 
which lies directly behind the pars ascendens aortae. The lungs in the 
cavitates pleurales closely approach the columna vertebralis posteriorly, 


while an teriorly they extend in front ofthe pericardium and narrow the 
mediastinum anterius. Percussion ofthe chest yields a “sonorous” lung 
sound (see B) which is dulled by the cor and pericardium. The extent of 
the lungs depends on the phase of respiration (see p. 151), but the api¬ 
ces pulmonum always extend into the apertura thoracis superior, which 
is closed by a condensation of loose connective tissue—the membrana 
suprapleuralis. The apical lung tissue is pictured here as soft and pliant, 
corresponding to its natural consistency. It should be noted that when 
the cavitates pleurales are opened at operation, the lungs tend to col¬ 
lapse toward the hilum owing to their elastic recoil; they do not com¬ 
pletely fili the cavitates pleurales as shown here. (For clarity, the lungs 
are portrayed in an expanded state.) 
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13.2 Cavitates Pleurales 
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A Pleura and cavitates pleurales: Structure and topography 

a Transverse section through the thorax, inferior view; b Anterior view 
ofthe right cavitas pleuralis, which has been opened. 

The cavitates pleurales are paired like the lungs they enclose, which is 
one reason they have a greater extent than the lungs: 

• anteriorly, they extend past the pericardium to just behind the ster¬ 
num, and in the dorsomedial direction up to the columna vertebralis 

(a); 

• due to the arching of the dome of the diaphragma, the inferior mar- 
gin of the cavitates pleurales extends downward and overlaps with 
the cavitas abdominis (b); 

• due to the asymmetrical position of the cor in the mediastinum, the 
left cavitas pleuralis is slightly smaller than the right cavitas pleuralis 
(a); 

• because the cavitates pleurales have a greater extent than the lungs, 
recesses develop in them (see also p. 133). 

Completely analogous to the cavitates peritonealis and pericardialis, 
each cavitas pleuralis is composed of two serous layers: the pleura vis¬ 
ceralis (pleura pulmonalis attached to the surface ofthe lung) and the 
pleura parietalis (attached to the fascia endothoracica). As a resuit of 
the attachment to the thorax, the pleura and thus the lungs (which ad- 
here to the walls of the cavitates pleurales through capillary forces) au- 
tomatically follow the movements of the chest wall. The line of junc- 
tion between the tunicae serosae pleurae visceralis and parietalis oc- 
curs along at the medial surface of the lungs (see p. 26). The capillary 
fissure-like space between the pleurae visceralis and parietalis contains 
a small amount of ciear serous fluid. This fluid layer allows both layers of 
the pleura to glide past each other and at the same time serves to hold 
the pleural layers together by capillary forces. For more about the topo- 
graphical parts ofthe pleural layers see C. 


130 



















Thorax 


13. Organs ofthe Respiratory System and their Neurovasculature 


Plexus 

brachialis 

Truncus brachio¬ 
cephalicus 

V. brachiocephalica 
dextra 

Pleura cervicalis 

Trachea, 
pars cervcialis 

V. cava superior 


A. pulmonalis 
dextra 


Vv. pulmonales 
dextrae 


Truncus 

pulmonalis 


Oesophagus, 
pars thoracica 


Pleura 
parietalis, pars 
diaphragmatica 

Diaphragma 



Gl. thyoridea, 
lobus sinister 

V. jugularis 
interna sinistra 

A. subclavia sinistra 

V. subclavia sinistra 

V. brachiocephalica 
sinistra 


Arcus aortae 

Lig. arteriosum 

A. pulmonalis 
sinistra 

Bronchi lobares 
superior and 
inferior 

Aorta thoracica 


Pleura parietalis, 
pars mediastinalis 


N. phrenicus, vasa 
pericardiacophrenica 


Pericardium 

fibrosum 


B Pars mediastinalis ofthe pleura and the mediastinum 

The mediastinum is bounded on either side by the cavitates pleurales 
from which it is separated by the pars mediastinalis ofthe pleura pari¬ 
etalis. The pars mediastinalis pleurae is in direct contact with the medi- 
astinal connective tissue. AII neurovascular structures running between 
mediastinum and lungs (e.g., bronchi, aa. pulmonales, vv. pulmonales) 
are wrapped in pars mediastinalis pleurae, which fuses with the outer 
layer of the connective tissues of these neurovascular structures. The 
nn. phrenici and aa./vv. pericardiophrenicae, which are only just visi- 
ble at the bottom ofthe diagram, pass between the pars mediastinalis 
pleurae and pericardium. 


C Portions ofthe pleura parietalis 


Portion 

Location 

Adjacent layer of 
connective tissue 

Pars costalis 

Inner chest wall 

Fascia endothoracica 

Pars diaphrag¬ 
matica 

Surface ofthe 
diaphragma 

Fascia phrenicopleuralis 

Pars mediastina¬ 
lis 

Latera1to 
mediastinum 

Unnamed, direct transition 
to the connective tissue of 
the mediastinum 

Cupula pleurae 

Apical, above the 
apertura thoracis 
superior 

Membrana suprapleuralis 
(Sibson’s fascia) 



Pleura parietalis innervated by nn. intercostales 

Pleura parietalisa innervated by nn. phrenici 

Pleura visceralis innervated by the autonomic nervous system 

D Innervation ofthe pleura 

The pleuro parietalis, as part of the trunk wall, is innervated by somatic 
sensory nerves: The pars mediastinalis and the largest part ofthe pars 
diaphragmatica are supplied by the nn. phrenici. A small part ofthe pars 
diaphragmatica located close to the ribs is also supplied by nn. inter¬ 
costales. The pars costalis is innervated by nn. intercostales. The pleura 
visceralis is the organ-related layer and as such receives a sparse inner¬ 
vation by visceral sensory fibers, probably from the pars sympathica of 
the nervous system. The corresponding neuronal perikarya are located 
in ganglia sensoria nervorum spinalium—their branching axons pass 
through the ganglion sympathicum without terminating. 
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13.3 Boundaries ofthe Lungs and Pleura Parietalis 


Costa I 
Clavicula 


Pulmo dexter 

Proc. 

xiphoideus 

Linea medio¬ 
clavicularis 

Linea 

sternalis 



Vertebra 

Tl 

Pleura 

parietalis 

Pulmo dexter 

Vertebra 

TXII 

Costa XII 



Sternum 


Pulmo dexter 


Cavitas pleuralis, 
recessus costo¬ 
diaphragmaticus 


A Projections ofthe boundaries ofthe lungs and pleura parietalis 
onto the skeleton thoracis 

Anterior view (a), posterior view (b), view from the left and right sides (c 
and d). The diagrams show the boundaries of the pleura parietalis and 
lungs. The table (see B) summarizes some ofthe projection sites ofthe 
pleura and lungs onto the anterior, posterior, and lateral thoracic wall. 
The pleura parietalis lines the inner surface of the skeleton thoracis and 
projects itself onto palpable or visible bony landmarks. 


The connection between these landmarks forms the boundaries ofthe 
pleura parietalis (important in cases of pleural inflammations with effu- 
sion - visible on radiographs). 

Note: The asymmetrical position of the cor makes the cavitas pleuralis 
slightly smaller on the left side than on the right side. This causes the 
boundaries of the pleura parietalis on the left side at the level of the cor 
to shift more laterally than on the right side. 


B Relations of the lungs and pleural boundaries to landmarks on the skeleton thoracis 


Reference line 

Pulmo dexter 

Right pleura parietalis 

Pulmo sinister 

Left pleura parietalis 

Linea sternalis 

Intersects costa VI 

Intersects costa VII 

Intersects costa IV 

Intersects costa IV 

Linea medioclavicularis 

Runs parallel to costa VI 

Runs parallel to costa VII 

Intersects costa VI 

Intersects costa VII 

Linea axillaris media 

Intersects costa VIII 

Intersects costa IX 

Same as pulmo dexter 

Same as right side 

Linea scapularis 

Intersects costa X 

Intersects costa XI 

Same as pulmo dexter 

Same as right side 

Linea paravertebralis 

Intersects costa XI 

Extends to the T 12 
vertebra 

Same as pulmo dexter 

Same as right side 
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Recessus 

costomediastinalis 


Mediastinum Corpus 

anterius sterni 


Fascia 

endothoracica 


Oesophagus 

Pleura parietalis, 
pars mediastinalis 


Diaphragma, 

centrum 

tendineum 

Ductus 

thoracicus 


V. hemiazygos 


V. azygos 


Fascia 

phrenico¬ 

pleuralis 


A. and v. 
thoracica interna 


Pericardium 

fibrosum 


N. phrenicus, 
a. and v. peri¬ 
cardiacophrenica 


Diaphragma, 
pars costalis 


Recessus costo¬ 
diaphragmaticus 


Pleura parietalis, 
pars diaphragmatica 


Pleura parietalis, 
pars costalis 


N. phrenicus, 
a. and v. peri¬ 
cardiacophrenica 


V. cava inferior 


a 


Truncus Aorta 

sympathicus sinister thoracica 


Truncus 

sympathicus dexter 


Costa X 


A., v., and n. 
intercostalis 


Pleura parietalis, 
pars costalis 


Costa XI 


Cavitas pleuralis, 
recessus costo¬ 
diaphragmaticus 


Fascia 

endothoracia 


Costa XII 


b 



Pulmo dexter 


Pleura visceralis 


Pleura parietalis, 
pars diaphragmatica 


Fascia 

phrenicopleuralis 


Diaphragma 


Peritoneum 

parietale 


Hepar 


C Recesses ofthe pleura parietalis 

a Superior view, the cor and lungs have been 
removed, the pleura parietalis has been re- 
moved over a large area of the diaphragma; 
b Detail from a parasagittal section through 
the right side of the thorax and abdomen, 
viewed from the lateral side. 

The extent of the pleura visceralis, which di- 
rectly invests the lung, is identical to that of 
the lung. However, the pleura parietalis, which 
completely lines the inner surface of the chest 
wall, has a greater extent than the lungs. 
This arrangement creates two major recesses 
within the cavitas pleuralis: 

• The recessus costodiaphragmaticus, located 
on each side of the domes of the dia¬ 
phragma, facing the ribs (b), which is lined 
by the partes costalis and diaphragmatica 
ofthe pleura parietalis, and 

• The recessus costomediastinalis, located an¬ 
terior to the pericardium, on the left and 
right sides ofthe mediastinum anterius (a), 
which is lined by the partes costalis and me¬ 
diastinalis ofthe pleura parietalis. 

For more about the function of the recessus 
pleurales, see p. 151. 
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13.4 Trachea 



A The trachea projected onto the neck and thorax 

The trachea is located in the mediastinum and lies precisely in the me- 
dian plane. The initial part (pars cervicalis) of the trachea begins just 
below the larynx, and its pars thoracica ends at the bifurcatio tracheae. 
The trachea expands during inspiration and contracts during expira- 
tion. The projection in the figure shows the appearance of the trachea 
at functional residual capacity (relaxed end-expiration). 


Trachea 


Bifurcatio 

tracheae 


Bronchus 

prinicpalis 

dexter 

a 



Paries 

membranaceus 

trachealis 


Carina 


b 


Bronchus Bronchus 

prinicpalis prinicpalis 

dexter sinister 



B Shape ofthe trachea 

a Anterior view; b Superior view ofthe bifurcatio tracheae. 

The trachea is a flexible air-conducting tube 10 to 12 cm long. At the 
approximate level ofthe corpora vertebrae T3-T4, it bifurcates into the 
bronchi principales sinister and dexter, which form an angle of approxi- 
mately 55-70°. Viewed from the anterior side, the bifurcatio tracheae 
lies just below the junction of the manubrium and corpus sterni. 

Note: The bronchus principalis dexter is more vertical than the bron¬ 
chus principalis sinister, and therefore it is more common for aspirated 
foreign bodies to enter the bronchus principalis dexter than the sinister. 
This also makes it easier to view the interior of the bronchus principalis 
dexter with an endoscope. Owing to the asymmetry of the cor and the 
associated asymmetrical position ofthe lungs, the bronchus principalis 
sinister is slightly longer than the dexter. 


Bronchus 

lobaris 

superior 

dexter 

Bronchus 

lobaris 

medius 

dexter 


a 



Bronchus 

prinicpalis 

sinister 


Bifurcatio 

tracheae 


" Bronchus 
lobaris inferior 
dexter/sinister 


Cartilago 

thyroidea 


Cartilago 

cricoidea 


Lig. crico¬ 
thyroideum 
medianum 


Cartilagines 

tracheales 


Ligg. 

anularia 


Bronchus 

prinicpalis 

dexter 


Bronchus lobaris 
superior sinister 


X 


C Structure ofthe trachea and arbor bronchialis 

a Anterior view; b Posterior view with opened posterior wall. 

The trachea consists of 16-20 horseshoe-shaped rings composed of hy¬ 
aline cartilage (the cartilagines tracheales) and a posterior paries mem¬ 
branaceus composed of connective tissue and m. trachealis (not shown 
here). The cartilagines tracheales are interconnected longitudinally by 
collagenous connective tissue (ligg. anularia). The two parts ofthe tra¬ 
chea are clearly distinguishable: 

• Pars cervicalis: extends from the first cartilago trachealis below the 
cartilago cricoidea of the larynx at the level of the C6/C7 vertebrae 
to the apertura thoracis superior (see A); 

• Pars thoracica: extends from the apertura thoracis superior to the bi¬ 
furcatio tracheae, where the trachea divides into the bronchi princi¬ 
pales dexter and sinister at the level of the T4 vertebra. A cartilagi- 
nous spur (carina, see Bb) at the bifurcatio tracheae projects upward 
into the tracheal lumen. 

The bronchi principales sinister and dexter divide into two or three 
bronchi lobares, respectively, which subsequently branch into bronchi 
segmentales (see D). 
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Cartilago 

thyroidea 


I < 

Cartilago -\-■ ; 

arytenoidea \ \ 


Cartilago - 

cricoidea 


Paries 
membranaceus 
with gll. tracheales 


Cartilagines 

tracheales 



D Divisions ofthe trachea and arbor bronchialis 


Bronchus principalis dexter Bronchus principalis sinister 


Bronchus lobaris superior dexter 
Bronchus segmentalis apicalis (I) 
Bronchus segmentalis posterior (II) 
Bronchus segmentalis anterior (III) 

Bronchus lobaris medius 
Bronchus segmentalis lateralis (IV) 
Bronchus segmentalis medialis (V) 

Bronchus lobaris inferior dexter 
Bronchus segmentalis superior 
(VI) 

Bronchus segmentalis basalis 
medialis (VII) 

Bronchus segmentalis basalis 
anterior (VIII) 

Bronchus segmentalis basalis 
lateralis (IX) 

Bronchus segmentalis basalis 
posterior (X) 


Bronchus lobaris superior sinister 
Bronchus segmentalis 
apicoposterior (I, II) 

Bronchus segmentalis anterior 
(III) 

Bronchus lingularis superior (IV) 
Bronchus lingularis inferior (V) 

Bronchus lobaris inferior sinister 
Bronchus segmentalis superior 
(VI) 

Bronchus segmentalis basalis 
medialis (VII) 

Bronchus segmentalis basalis 
anterior (VIII) 

Bronchus segmentalis basalis 
lateralis (IX) 

Bronchus segmentalis basalis 
posterior (X) 


Tunica fibromusculo¬ 
cartilaginea, 
cartilago trachealis 



Ciliated 

Gobletcell epithelial cell Basal cell 



E Wall structure ofthe trachea and bronchi principales 
a Histological organization of the wall of the trachea: The trachea 
is a fibroelastic tube supported by spaced C-shaped rings of hyaline 
cartilage. The open end of each ring is closed by a posterior paries 
membranaceus. The entire tube is lined by a tunica mucosa, con- 
sisting of an epithelial layer (b), with an underlying lamina propria 
of loose connective tissue containing a fibroelastic band at its base. 
Below the mucosa is a submucosa containing seromucous glandu¬ 
lae that secrete a protective mucous film. The paries membranaceus 
that closes the open end of the cartilago trachealis contains circu- 
larly-oriented smooth muscle (m. trachealis) with additional longitu- 
dinal bands. The outermost component is an adventitial layer of con¬ 
nective tissue. Microscopic structure changes substantially at differ¬ 
ent levels ofthe arbor bronchialis (see pp. 140-141, 146-147). 
b The tracheal epithelium: Facing the tracheal lumen is a pseudostrat- 
ified respiratory epithelium with three prominent cell types: colum- 
nar ciliated cells, which drive mucus and particles along the tracheal 
surface toward the pharynx, goblet cells, which secrete mucus, and 
basal cells, which do not span the full height of the epithelium. Basal 
cells are mitotic precursors for other cell types in the epithelium. A 
thick basement membrane underlies this epithelium. The tracheal 
epithelium contains several other intrinsic cell types, not depicted, as 
well as lymphocytes and mast cells that have migrated from under¬ 
lying connective tissue. Prolonged exposure to irritants such as to- 
bacco smoke increases the number of goblet cells and decreases the 
flow of secretions, compromising airway clearance. 

Note: The epithelium of the carina, unlike that of the rest of the trachea, 
consists of nonkeratinized squamous cells 
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13.5 Lungs: 

Shape and Structure 


Apex pulmonis 



Lobus 

inferior 


Lobus superior 


Margo 

anterior 


Fissura 

horizontalis, 

pulmonis 

dextri 

Lobus 

medius 


Fissura obliqua 


Margo inferior 
a Right lung, lateral view 


Basis pulmonis 


Margo 

anterior 


Facies 

costalis 


Lingula 

pulmonis 

sinistri 


Apex pulmonis 



Lobus 

superior 


Fissura 

obliqua 


Lobus 

inferior 


Margo inferior 


b Left lung, lateral view 


A Gross anatomy of the left and right lung 

a, b Lateral view. c, d Medial view. 

The color of the healthy lung ranges from gray to bluish-pink. Grayish- 
black particles are often visible beneath the pleural surface (as shown 
here) and are found even in nonsmokers. They do not necessarily have 
pathological significance, consisting of dust or carbonaceous particles 
that have been inhaled and deposited in the lung. A lung that has not 
been chemically fixed has a soft, spongy texture and collapses when ta- 
ken from the chest. The shape shown above is the in vivo shape of the 
dynamically expanded lung (see p. 151). The right lung, with a volume 
of approximately 1500 cm, is slightly larger than the left lung, which has 
a volume of approximately 1400 cm (due to the inclination of the cor to 
the left side). Each ofthe lungs is divided into lobi by one or more inter- 
lobar fissu res: 

• The left lung is divided into two lobes (lobi superior and inferior) by 
one fissura obliqua. 


• The right lung consists of three lobes (lobi superior, medius, and infe¬ 
rior) separated by one fissura obliquo and one fissura horizontalis. The 
pulmonary fissures are completely lined by pleura visceralis. 

Note: Owing to the steep angle ofthe fissura obliqua in the left lung, the 
lingula of the lobus superior forms part of the basis pulmonis sinistri. 
The smallest morphologically distinet and autonomous structural unit 
of the lung is the lobulus, which is aerated by a bronchiolus. The pul¬ 
monary lobuli are separated from one another by (often incomplete) fi- 
brous interlobular septa, demarcating numerous polyhedral areas that 
may be visible on the lung surface. 

Aside from the differences noted above, both lungs have the same ba- 
sic parts: 

• The apex pulmonis, which extends into the apertura thoracis supe¬ 
rior 

• The basis pulmonis, which rests on the diaphragma 
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Apex pulmonis 


Branches of a. 
pulmonalis dextra 


Facies 

mediastinalis 


Lobus superior 


Margo 

anterior 


Hilum 

pulmonis 

Fissura 

horizontalis 


Impressio 

cardiaca 


Lobus medius 



Facies 

diaphragmatica 


c Right lung, medial view 


Basis 

pulmonis 


Margo inferior 


Bronchus lobaris 
superior dexter 

Fissura obliqua 


Common origin 
of bronchi loabares 
inferior and 
medius dexter 

Branches of 
vv. pulmonales 
dextrae 

Lobus inferior 

Facies costalis, 
pars vertebralis 

Lig. pulmonale 


Fissura 

obliqua 


Hilum 

pulmonis 

Facies 


Lobus inferior 

Facies 
costalis, pars 
vertebralis 
Margo 
inferior 


Apex pulmonis 


Lobus 

superior 



mediastinalis i 

r 


Lig. pulmonale 
d Left lung, medial view 


Margo 

anterior 

A. pulmonalis 
sinistra 


Bronchi lobares 
superior and 
inferior 


Branches of 
vv. pulmonales 
sinistrae 


Impressio 

cardiaca 

Incisura 

cardiaca 

pulmonis 

sinistri 


Facies 

diaphragmatica 


Lingula 

pulmonis 

sinistri 


• Surfaces ofthe lung: 

- Facies costalis: relates laterally and posteriorly to the ribs. The pars 
vertebralis of the facies costalis faces the columna vertebralis 
(see c, d); 

- Facies mediastinalis: relates medially to the mediastinum. 

- Facies diaphragmatica (see c, d): relates inferiorly to the dia¬ 
phragma. 

- Facies interlobares. In the chemically fixed specimen, impressions 
from the ribs are visible on the facies costalis, an impressio car¬ 
diaca on the facies mediastinalis, and an impression from the dia¬ 
phragma leaflet on the facies diaphragmatica. The left lung addi- 
tionally has a distinet incisura cardiaca in its margo anterior. 

• Borders ofthe lung: 

- Margo anterior: sharp, thin border located at the junction of the fa¬ 
cies costalis and mediastinalis (inserts into the recessus costomedi¬ 
astinalis). 


- Margo inferior: located at the junction ofthe facies diaphragmatica 
and facies costalis or mediastinalis, sharp at the facies costalis (in¬ 
serts into the recessus costodiaphragmaticus) and blunt at the fa¬ 
cies mediastinalis. 

• Hilum: area where bronchi and neurovascular structures enter and 
leave the facies mediastinalis. The radix pulmonis comprises all of 
the blood vessels, lymphaties, bronchi, and nerves that enter and 
emerge at the hilum. Elements of the arbor bronchialis are gener- 
ally located in the posterior part of the hilum. Pulmonary venous 
branches are anterior and inferior, and pulmonary arterial branches 
are found mainly in the upper part ofthe hilum. 

Both lungs are invested by a serous membrane, the pleura visceralis (pul¬ 
monary pleura), which is reflected at the mediastinal surface to conti¬ 
nue as the pleura parietalis. This pleural fold is ruptured when the lung 
is removed, appearing as the lig. pulmonale. 
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13.6 Lungs: 

Segmentatiori 




a Lungs, anterior view 

A Segmental architecture ofthe lungs 

Anterior view (a) and posterior view (b) ofthe left and right lung (lateral 
and medial views are shown in C). 

The segmental architecture ofthe lung relates directly to the branch- 
ing pattern ofthe arbor bronchialis (see p. 135). The basic structural 
unit of the lung is the lobus, whose boundaries are clearly defined on 
the surface ofthe lung by the interlobar fissurae. Each lobus is further 
subdivided into segmenta— wedge-shaped functional units whose apex 
points toward the pulmonary hilum. The pulmonary segmenta are in- 
completely separated from one another by thin connective tissue and 
are not discernible as separate units on the lung surface. Passing to the 
center of each segment are a bronchus segmentalis and an o. segmen¬ 
talis, constituting the “bronchopulmonary segment” or segmentum 



b Lungs, posterior view 

bronchopulmonale. The segmenta, in turn, consist of subsegments de¬ 
fined by the further branching pattern ofthe bronchi segmentales. Each 
lung consists basically of ten segmenta. Due to the presence ofthe car- 
diac notch in the left lung, however, segment VII of that lung is often so 
small that it is not considered a separate segmentum but part of seg¬ 
mentum VIII. As noted above, the segmental boundaries are not visible 
on the surface ofthe lung. For partial resections ofthe lung (see D), the 
targeted segmenta are identified by clamping off the a. segmentalis. As 
the devascularized segmentum blanches, it contrasts sharply with the 
surrounding tissues that are stili perfused. Intrasegmental blood flow 
can also be demonstrated by ultrasound scanning. The pulmonary seg¬ 
menta are named and numbered as shown in table B. 


B Segmental architecture ofthe lungs 


Pulmo dexter 


Lobus superior 
Segmentum apicale (I) 
Segmentum posterius (II) 
Segmentum anterius (III) 

Lobus medius 
Segmentum laterale (IV) 
Segmentum mediale (V) 

Lobus inferior 
Segmentum superius (VI) 
Segmentum basale mediale (VII) 
Segmentum basale anterius (VIII) 
Segmentum basale laterale (IX) 
Segmentum basale posterius (X) 


Pulmo sinister 


Lobus superior 

Segmentum apicoposterius (I + II) 
Segmentum anterius (III) 

Segmentum lingulare superius (IV) 
Segmentum lingulare inferius (V) 

Lobus inferior 
Segmentum superius (VI) 
Segmentum basale mediale (VII) 
Segmentum basale anterius (VIII) 
Segmentum basale laterale (IX) 
Segmentum basale posterius (X) 


138 









Thorax 


13. Organs ofthe Respiratory System and their Neurovasculature 



a Right lung, medial view 



c Right lung, lateral view 



C Segmental architecture ofthe lungs: Segmenta bronchopulmo¬ 
nalia 

Lateral and medial views ofthe right (a, c) and left (b, d) lung. 


Trachea 


Lobus superior 
pulmonis dextri 


Pulmo 

sinister 


b 



hL 



Segmentum I 
pulmonis 
dextri 


Pulmo 

dexter 


D Partial lung resections 

The anatomical subdivision ofthe lungs into lobi and segmenta (see B) 
is exploited in partial lung resections: 


Segmentectomy (wedge resection): (a) Removal of one or more seg¬ 
menta 

Lobectomy: (b) Removal of an entire lobus or (c) the complete resec¬ 
tion of a lung (pneumonectomy). 
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13.7 Functional Structure of the Arbor Bronchialis 


Trachea 



Bronchioli 
(devoid of cartilage) 



Bronchioli terminales 
(terminal conducting 
segment) 




A Conducting and respiratory parts ofthe arbor bronchialis 

The structure of the lung is organized to maximize the surface area 
available for gas exchange, and the arbor bronchialis is arranged to de- 
liver the gases, in warmed and humidified (saturated with water vapor) 
air, to that specialized surface area. The exchange takes place mostly in 
alveoli pulmonales, microscopic pouches approximately 200-250 pm in 
diameter. The adult lungs contain about 300 million alveoli with a total 
surface area of nearly 150 m 2 . From the trachea, the arbor bronchialis 
branches into successively finer divisions (22 “dichotomous” divisions, 
in which each passage divides into two smaller passages). The parts of 
the arbor bronchialis are classified functionally as conducting or respira¬ 
tory: 

• Conducting part (blue): bronchi principales, bronchi lobares, bronchi 
segmentales and intrasegmentales, bronchioli, and bronchioli termi¬ 
nales 

• Respiratory part (red): bronchioli respiratorii, ductuli alveolares (not 
visible), and sacculi alveolares. 

The arbor bronchialis presents a uniform structure of a specialized air- 
conduction tube out to the level of the bronchi segmentales. The bron- 


chial wall is reinforced by cartilage rings or plates and is lined internally 
by a pseudostratified columnar, ciliated epithelium (with goblet cells; 
see p. 135). The walls of the smaller bronchi do not have cartilage re- 
inforcement. The concentric musculature of these bronchi acquires a 
lattice-like structure (see B), and the pseudostratified epithelium is re- 
placed by a single layer of prismatic, ciliated epithelial cells. Goblet cells 
become less numerous and are no longer present past the level of the 
bronchiolus terminalis. The bronchiolus terminalis is the final segment 
ofthe air-conducting portion ofthe arbor bronchialis. Each bronchiolus 
terminalis aerates one acinus pulmonalis. A group of three to five acini 
whose bronchioli terminales arise near one another on the arbor bron¬ 
chialis forms a lobulus, which is the smallest morphologically distinet 
structural unit of the lung. 

Note: Although the vascular tree and arbor bronchialis are closely re- 
lated functionally, the vascular tree (see p. 146) is discussed follow- 
ing the sections about the pulmonary and bronchial vessels. Since the 
vascular tree is composed of the terminal branches of the pulmonary 
and bronchial vessels, knowledge of these vessels is essential for under- 
standing the structure of the vascular tree. 
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Sacculus 

alveolaris 



Septum 

interalveolare 


Ductus 

alveolaris 


Alveoli 

pulmonalis 


B Structure of a bronchiolus respiratorius 

The bronchioli respiratorii dichotomously divide into first- through 
third-order bronchioli respiratorii, the thinnest of which is less than 0.5 
mm in diameter. Alveoli begin to appear on the first-order bronchioli 
respiratorii, marking the start ofthe respiratory portion ofthe lung. The 
alveoli are isolated initially, then become more numerous and are col- 
lected into saculi. Each saculus has a Central open space, a ductus alveo¬ 
laris, that is continuous with the lumen of its bronchiolus respiratorius. 
The alveolar walls are composed of thin squamous epithelium and are 
in direct contact with the vasa capillaria sanguinea to allow for gas ex- 
change. Adjacent alveoli are separated from one another by a porous 


septum interalveolare. Connective tissue with abundant elastic fibers is 
interposed between the branches ofthe arbor bronchialis and the alve¬ 
oli. When these elastic fibers are stretched during inspiration, they store 
energy and provide the mechanism for the elastic recoil ofthe lung dur¬ 
ing expiration. 

In patients with bronchial asthma the bronchioli are hypersensitive, and 
constriction ofthe smooth muscle in the bronchiolar walls can be trig- 
gered by allergens (e.g., pollen) or by stimuli like cold that are trivial 
to non-asthmatics. Since these walls are not cartilage-reinforced, the 
bronchioli narrow and restrict the passage of air to the alveoli (obstruc¬ 
tive ventilatory impairment), causing dyspnea (respiratory distress). 
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13.8 Arteriae and Venae Pulmonales 


Trachea 


Lobus superior 

Bronchus 
principalis dexter 


A. pulmonalis 
dextra 


V. pulmonalis 
sinistra superior 


V. pulmonalis 
sinistra inferior 


Lobus medius 


Pulmo dexter 


Pulmo sinister 



Lobus superior 


Arcus aortae 


Bronchus 
principalis sinister 

A. pulmonalis 
sinistra 

V. pulmonalis 
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A OverView of the pulmonary vessels 

Anterior view of a “heart-lung preparation.” 

The vv. cavae have been cut close to the heart, and a segment has been 
removed from the aorta ascendens and arcus aortae to display the divi- 
sion ofthe truncus pulmonalis, which is inferior to the arcus aortae, and 
the origin of the a. pulmonalis dexter. The lungs and heart are shown 
partially transparent. The arteries and veins that pass to the lung are di- 
vided into two groups: 

• Aa. and vv. pulmonales, which carry blood to the lungs and back for 
gas exchange (0 2 , C0 2 ) 

• Aa. and vv. bronchiales (not shown here), which supply blood to parts 
ofthe lungs themselves (see p. 144) 

The divisioris of the aa. pulmonales basically follow the branching pat- 
tern of the arbor bronchialis (see p. 134). Two or three arterial branches, 
called aa. lobares, accompany the two (left) or three (right) bronchi lo¬ 
bares into the lung. (The aa. lobares are larger than the bronchi lobares.) 


As the arbor bronchialis branches into bronchi segmentales, the arteries 
similarly divide into aa. segmentales. The artery and its associated bron¬ 
chus are always placed at the center of the structural lung unit, first oc- 
cupying the center of a lobus, then the center of a segmentum broncho¬ 
pulmonale (see p. 138). 

The divisions of the vv. pulmonales do not follow the branching pat- 
tern of the arbor bronchialis, instead coursing between pulmonary 
segmenta to collect blood from within (partes intrasegmentales) and 
among (partes intersegmentales) adjacent segments. Thus vv. pulmo¬ 
nales are named differently than aa. pulmonales (see C and D). In cases 
of left ventricular insufficiency, blood backs up in the vv. pulmonales. As 
a resuit, the boundaries ofthe pulmonary segmenta become visible on 
radiographs. 

Note: The aa. pulmonales carry deoxygenated blood to the lungs, and 
the vv. pulmonales carry oxygenated blood from the lungs to the cor. In 
order to ensure a consistent presentation throughout this atlas, the ar¬ 
teries are stili colored red and the veins are colored blue. 
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B Projectiori of the arteriae and venae pulmonales onto the 
chest wall 

Anterior view. 

a Projection of the arteriae pulmonales onto the chest wall: The 

truncus pulmonalis arises from the ventriculus dexter, which is ante¬ 
rior owing to the slightly rotated position ofthe cor, and divides into 
aa. pulmonales sinistra and dexter, one for each lung. The truncus 
pulmonalis appears on chest radiographs as a knob-like shadow on 


the left cardiac border (see p. 102) above the ventriculi. 

Note: The truncus pulmonalis lies to the left of the midline in the 
chest. As a resuit, the a. pulmonalis dextra (length approximately 
2-3 cm) is longerthan the a. pulmonalis sinistra. 

Projection of the venae pulmonales onto the chest wall: Normally, 
a pair of vv. pulmonales open into the atrium sinistrum on each side. 
Taken together, the vv. pulmonales dextra and sinistra and both vv. 
cavae form an asymmetrical cruciform pattern on the chest radio- 
graph. 


A. carotis 




C The arteriae pulmonales and their branches 


D The venae pulmonales and their tributaries 
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13.9 Rami and Venae Bronchiales 


A Rami and venae bronchiales 

Anterior view. The trachea and bronchi are 
shown partially transparent. 

a Arterial supply of the bronchi: The bron¬ 
chi derive their blood supply from the aorta 
thoracica via rr. bronchiales that follow the 
divisions ofthe bronchi principales. It is not 
uncommon for one ofthe rr. bronchiales to 
arise from an a. intercostalis posterior (usu- 
ally on the right side), rather than directly 
from the aorta. Given the relationship of 
the bronchi to the pars thoracica aortae, 
the rr. bronchiales usually enter the bronchi 
from the posterior side. The blood pressure 
within these arteries is equal to the sys- 
temic pressure, not the pulmonary pressure 
(as is the case in the aa. pulmonales). 

Note: The trachea is supplied with arterial 
blood by small rr. tracheales (not shown 
here) that may arise from the pars thoracica 
aortae, the a. thoracica interna, orthe trun¬ 
cus thyrocervicalis, depending on the level 
ofthe trachea that is supplied. 
b Venous drainage of the bronchi: The bron¬ 
chi are drained by vv. bronchiales, which 
usually open into the v. hemiazygos ac¬ 
cessoria on the left side. On the right side, 
the veins may drain via collaterals into the 
v. azygos, but may also empty into the vv. 
pulmonales, causing a small amount of de- 
oxygenated bronchial blood to be mixed 
with the much larger outflow of pulmonary 
blood on its way to the left atrium. Small vv. 
tracheales (not shown here) empty into the 
v. cava superior, left v. brachiocephalica, or 
v. thoracica interna at different levels ofthe 
trachea. 

Note: A pulmonary embolism occurs when a 
blood clot forms in a vein (usually a leg or pel- 
vic vein) and is carried into one of the aa. pul¬ 
monales. Depending on its size, the clot blocks 
one ofthe branches ofthe a. pulmonalis and in 
extreme cases the entire artery. The mechani- 
cal blockage of a large artery to the lungs leads 
to acute increased pressure in the ventricu¬ 
lus dexter ofthe cor, which can resuit in acute 
right-sided heart failure. Large pulmonary em¬ 
boli are often fatal. If, however, a pulmonary 
embolism occludes a small-caliber vessel, the 
mechanical blockage and increased pressure 
on the cor are considerably less severe and the 
cor compensates for it without any significant 
problems. Arterial occlusion usually does not 
resuit in necrosis of lung tissue as the rr. bron¬ 
chiales ensure delivery of nutrients and oxygen 
to the tissues ofthe lungs. 
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B Rami bronchiales and their topographical relation to the 
arteriae pulmonales 

Isolated organ group composed of cor, major vessels, trachea, oesopha¬ 
gus, and hepar, posterior view. 


Note: The rr. bronchiales originate from the proximal portion of the 
aorta descendens. 




c 


C Origin ofthe rami bronchiales from the aorta: Normal anatomy 
and variations (after Platzer) 

Posterior view. 

a Normal anatomical case (40 % of cases): on the right side of the aorta 
arise a r. bronchialis and an a. intercostalis posterior, on the left side 


arise two rr. bronchiales; 

b Variation 1 (15-30% of cases): only one r. bronchialis arises from the 
left and the right sides ofthe aorta; 

c Variation 2 (12-23%): two rr. bronchiales arise from the left and the 
right sides ofthe aorta. 
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13.10 Functional Structure of the Vascular Tree 
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A OverView of vascular tree structure 

Note: In previous sections, arteries have been colored in red and veins 
have been colored in blue. However, since this paragraph discusses 
in particular the functional structure of the vascular tree, this Stan¬ 
dard convention of coloring is not followed here. Instead, branches of 
the a. pulmonalis (arterial side of circulation) are colored in blue, be- 
cause of low oxygen levels, and branches ofthe vv. pulmonales (venous 
side of circulation) are colored in red because of high oxygen levels. 


The vascular tree is made up of the finest terminal branches of the aa. 
and vv. pulmonales as well as the rr. and vv. bronchiales. These branches 
of the vasa publica (aa. and vv. pulmonales) and vasa privata (rr. and 
vv. bronchiales) are analogous to those ofthe arbor bronchialis (see p. 
140). Because of this arrangement, gas exchange can occur between air 
in the alveoli (in the finest branches ofthe arbor bronchialis) and blood 
(in the finest branches of the pulmonary vessels). 
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Capillary Capillary Type II Alveolar 

endothelial cell lumen pneumocyte lumen 



interalveolare membranes 

B Epithelial lining ofthe alveoli 

The alveoli are lined by two types of alveolar epithelial cells (pneumo- 
cyti): 

• Pneumocyti typi I: They cover approximately 90 % of the alveolar sur- 
face, are spread out flat and form a continuous layer (cap cells). They 
are closely interconnected by tight junctions. 

• Pneumocyti typi II: Relative to total number, they are as common as 
pneumocyti typi I. However, because of their rounded shape they 
cover only 10 % of the alveolar surface. They are found among pneu¬ 
mocyti typi I, often at alveolar-septal junctions, and thus they are 
also referred to as niche cells. They produce and secrete a protein- 
phospholipid film called surfactantum pulmonale, which is distrib- 
uted over the entire alveolar surface and lowers the surface tension 
of the alveoli, making it easier for the lung to expand. The immature 
lung of the preterm infant often fails to produce sufficient surfactan¬ 
tum. Thus, preterm infants often suffer from respiratory problems. 
Pneumocyti typi II continuously produce and reabsorb surfactantum 
so that a large amount of surfactantum is reused. Only a fraction is 
cleared by alveolar macrophages. 

At the sites where type I alveolar epithelial cells come into contact with 
the capillary endothelial cells, their basement membranes are fused to- 
gether. The anatomical distance from the alveolar lumen to the capil¬ 
lary lumen, over which gaseous diffusion takes place, measures only 0.5 
pm at that location. 

Note: AII diseases which 

• increase the diffusion distance between the alveolar lumen and capil¬ 
lary lumen (edematous fluid collection or inflammation), 

• decrease the aeration of the lung (alveolar destruction due to em¬ 
physema, for example) or decrease lung perfusion (capillary oblitera- 
tion), or 

• cause fluid infiltration ofthe alveoli (pneumonia) 

• will decrease the efficiency of alveolar—capillary gas exchange, lead- 
ing to respiratory compromise. 




C Relationship between the sacculus alveolaris and pulmonary 
vessels 

In a, a branch ofthe a. pulmonalis carrying oxygen-depleted blood from 
the ventriculus dexter is depicted in blue. A corresponding branch ofthe 
pulmonary venous system is shown in red, carrying oxygen-enriched 
blood back to the left cor. Pulmonary arterial branches are intimately 
apposed to, and follow closely the course of, the respiratory bronchio¬ 
lus branches, sending capillaries over the sacculi alveolares and invading 
the alveolar septa. The sectioned sacculus alveolaris (b) clearly shows 
that the vessels not only surround the alveoli on the outer surface of the 
sacculus but also penetrate the septa interalveolaria, enabling the capil¬ 
laries to undergo gas exchange with multiple adjacent alveoli. 

Note: In most ofthe circulatory system, small arterial and correspond¬ 
ing venous branches tend to follow parallel courses, but this is not true 
in the pulmonary circulation. While pulmonary arterial branches follow 
the same segmental and lobular branching pattern as the arbor bron¬ 
chialis, the vv. pulmonales have a more independent course, not closely 
apposed to the bronchioli, remaining on the periphery of lobuli and 
segments, and often Crossing lobular boundaries. This difference in con- 
formation between aa. and vv. pulmonales is demonstrated dramati- 
cally in A. 
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13.11 Innervation and Lymphatic Drainage 

of the Trachea, Arbor Bronchialis, and Lungs 


A Autonomic innervation ofthe trachea 
and arbor bronchialis 

Parasympathetic: Branches from both nn. vagi 
are distributed to the pars cervicalis of the tra¬ 
chea, mostly via the nn. laryngei recurrentes. At 
the thoracic level they form rr. tracheales that 
enter the plexus pulmonalis, which is heavily 
branched at the hilum pulmonis. 

Sympathetic: Few postsynaptic fibers are dis¬ 
tributed to the trachea; numerous rr. pulmona¬ 
les thoracici (postsynaptic branches ofthe gan¬ 
glia thoracica) pass into the plexus pulmonalis. 
The plexus pulmonalis regulates the caliber and 
secretory activity ofthe bronchi and influences 
the caliber of the pulmonary vessels. Activation 
ofthe pars parasympathica ofthe nervous Sys¬ 
tem causes the bronchi to constrict (as in bron- 
chial asthma), while activation ofthe pars sym¬ 
pathica causes bronchial dilation. Thus, drugs 
that activate the pars sympathica of the ner¬ 
vous system cause bronchial dilation and may 
be useful in the treatment of acute bronchial 
asthma. The autonomic effects on the pulmo¬ 
nary vessels provide a means of varying the per- 
fusion to different areas ofthe lung by control- 
ling vascular calibers. For example, the auto¬ 
nomic system can greatly reduce the blood flow 
to poorly ventilated lung areas during shallow 
respiration. 
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B Nodi lymphoidei of the tra¬ 
chea, bronchi, and lungs 

Anterior view. The following nodi 
lymphoidei can be distinguished in¬ 
side and outside the lungs, listed in 
order from deep to superficial (see 
C): 

• Inside the lung: nodi intrapul¬ 
monales in the lung tissue and at 
the divisions of the bronchi seg¬ 
mentales; nodi bronchopulmon¬ 
ales at the division ofthe bronchi 
lobares. 

• Outside the lung: nodi tracheo¬ 
bronchiales inferiores and supe¬ 
riores at the bifurcatio tracheae 
and on both bronchi principales; 
nodi paratracheales along both 
sides ofthe trachea. 
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C Lymphatic drainage ofthe lungs, arbor bronchialis, and trachea 

a, b Transverse and coronal sections viewed from above (a) and from 
the front (b). The lymphatic drainage ofthe lungs and bronchi is han- 
dled by two separate networks of delicate vasa lymphatica (see b): 

• The peribronchial network follows the branching pattern of the ar¬ 
bor bronchialis (see p. 135) and collects lymph from the bronchi and 
mostofthe lungs. 

• The subpleural network (smaller) bordering the lungs collects lymph 
from peripheral lung areas and from the pleura visceralis. The pleura 
parietalis (part of the chest wall) is drained by the nll. intercostales 
and nll. parasternales of the chest wall. 

These two networks communicate at the hilum pulmonis and convey 
lymph cranially, ultimately to the nodi tracheobronchiales (deep tissue 
areas may drain to the nll. intrapulmonales or bronchopulmonales, but 
the lung as a whole is drained by the nll. tracheobronchiales). Lymph 
flows from the nll. tracheobronchiales to the nll. paratracheales and 


trunci bronchomediastinales, which terminate at the junction of the 
vv. subclaviae and jugulares internae independently or after joining the 
ductus thoracicus or ductus lymphaticus dexter. 

Note: Lymph from the left lobus inferior may also drain to the right trun¬ 
cus bronchomediastinalis via (inferior) nll. tracheobronchiales. The lobi 
inferiores of both pulmonales may drain cranially, but they may also 
drain inferiorly to the nll. phrenici superioris or may drain through the 
diaphragma to the nll. phrenici inferiores. 

The trachea drains to the nll. paratracheales, which may empty directly 
into the truncus jugularis or indirectly via the nll. bronchomediastinales. 
Note: Nll. tracheobronchiales that lie very close to the hilum pulmonis 
are known in clinical parlance as the “hilar lymph nodes.” Their enlarge- 
ment in response to pathological processes may be detectable by imag- 
ing studies. 
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13.12 Respiratory Mechanics 



A Basic principies of respiratory mechanics 

The mechanics of external respiration (as opposed to the internal res- 
piration of cells and tissues) are based on a rhythmical increase and de- 
crease in the thoracic volume, with an associated expansion and con- 
traction ofthe lungs. As the lung expands, the pressure within the lung 
falis and air is drawn into the lung (inspiration). As the lung contracts, 
the pulmonary pressure rises and air is expelled from the lungs (expira- 
tion). Thus, contrary to a common misconception, air is not pumped 
into the lungs during respiration but is sucked into the lungs by the “bel- 
lows effect,” a negative intrapulmonary pressure. The ribs, the thoracic 
muscles (especially the mm. intercostales), and the elastic fibers in the 
lung interact as follows during respiration: 

• When the diaphragma moves to the inspiratory position (red), the 
ribs are elevated by the mm. intercostales (chiefly the mm. intercos¬ 
tales externi) and the mm. scaleni. Because the ribs are curved and 
are directed obliquely downward, elevation of the ribs expands the 
chest transversely (toward the flanks) and anteriorly. Meanwhile the 
diaphragma leaflets are lowered by muscular contraction (red outline 
in a), causing the chest to expand inferiorly. The epigastric angle is 
also increased (see d). These processes resuit in an overall expansion 
of the thoracic volume. 

• When the diaphragma moves to the expiratory position (blue), the 
chest becomes smaller in all dimensions and the thoracic volume is 
decreased. This process does not require additional muscular energy. 
The muscles that are active during inspiration are relaxed, and the 
lung contracts as the myriad elastic fibers in the lung tissue that were 
stretched on inspiration release their stored energy, causing an elas¬ 
tic recoil. For forcible expiration, however, the muscles that assist ex- 
piration (mainly the mm. intercostales interni) can actively lowerthe 
rib cage more rapidly and to a greater extent than is possible by pas¬ 
sive elastic recoil alone. 
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B Respiratory muscles 


Active during inspiration 

Active during expiration 
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When the upper limb is fixed (e.g., by bracing the arm on a table), the 
muscles of the shoulder girdle, whose primary action is to move the 
shoulder girdle, can elevate and expand the thorax, to which they are 
attached. They can also function as auxiliary respiratory muscles during 
forced respiration, when breathing is made difficult (dyspnea) by dis- 
ease. 
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C Respiratory changes in lung volume 

a-c Respiratory contraction and expansion of the lung. Capillary 
forces in the pleural space cause the lung to “stick” to the wall of the 
cavitas pleuralis, forcing the lung to follow changes in the thoracic 
volume. This is particularly evident in the recessus pleurales—sites 
where the lung does not fully occupy the cavitas pleuralis at func- 
tional residual capacity (the resting position between inspiration and 
expiration, see p. 133). As the dome ofthe diaphragma flattens dur- 
ing inspiration (see A), the recessus costodiaphragmaticus expands 
and the lung is “sucked” into the resulting space, though it does not 


fili it completely. During expiration, the lung retracts from the recess 
somewhat. The respiratory changes in the volume of the recessus 
costodiaphragmaticus lead to considerable displacement ofthe mar¬ 
gines inferiores pulmonum (c). 

d Respiratory movements of the arbor bronchialis. As the thoracic 
volume changes during respiration, the entire arbor bronchialis 
moves within the lung. These structural movements are more pro- 
nounced in portions of the arbor bronchialis that are more distant 
from the hilum pulmonis. 
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D Change in respiratory mechanics due to pneumothorax 
a Normal respiratory mechanics: The cavitas pleuralis is hermetically 
sealed on ali sides. 

b Pneumothorax: With injury to the left pleura parietalis, outside air 
can enter the cavitas pleuralis. The mechanical effect of the capillary 
pleural space (see C) is lost, and the left lung collapses from the in- 
herent elasticity of its connective tissue. It no longer participates in 
respiration. The right cavitas pleuralis is intact and can function inde- 
pendently. Air is sucked into the opened cavitas pleuralis during in¬ 
spiration and is expelled during expiration. Because normal respira¬ 
tory pressure variations stili prevail in the right cavitas pleuralis but 
are absent on the left side due to the pleural defect, the mediastinum 
shifts toward the normal side during expiration and returns toward 
the midline during inspiration (“mediastinal flutter”). 
c Tension pneumothorax (valve pneumothorax): Tissue that has been 
traumatically detached and displaced covers the defect in the cavi¬ 
tas pleuralis from the inside like a mobile flap, preventing the expul- 
sion of air. Air passes through the defect in one direction only: from 
outside to inside. Because of this check-valve mechanism, a small 
amount of air enters the cavitas pleuralis with each breath but can- 
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not escape, similar to air being pumped into a bicycle tire. The me¬ 
diastinum is gradually shifted toward the normal side (mediastinal 
shift), which may cause kinking ofthe vessels around the cor. With- 
out treatment, tension pneumothorax is invariably fatal. 
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13.13 Radiological Anatomy of the Lungs and Vascular System 
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Recessus costodiaphragmaticus, 
left (because the diaphragma 
extends to the cardiac shadow) 


Recessus costodiaphragmaticus, right 
(because the diaphragma is visible 
until it reaches the sternum) 


A Posterior-anterior (PA) chest radiograph (from Lange, S. 
Radiologische Diagnostik der Thoraxerkrankungen, 3. Aufl./ 
Diagnostic Thoracic Radiology, 3rd edition Thieme, Stuttgart 2005) 
a The patient stands with the anterior chest wall on the cassette (the 
beam “passes” through the patient in a posterior-to-anterior direc- 
tion with the Central beam targeted at the level ofthe 6th vertebra 
thoracica). The radiographs are taken with the patient keeping the 
mouth open, breathing in and holding the breath. The back of the 
hands are placed on the hips with the elbows turned forward; 
b Posterior-anterior chest radiograph (PA radiograph; viewed from an 
anterior to posterior direction); 
c Explanation of the visible structures. 


B Lateral chest radiograph 

(from Lange, S. Radiologische Diagnostik der Thoraxerkrankungen, 

3. Aufl./Diagnostic Thoracic Radiology, 3rd edition Thieme, 

Stuttgart 2005) 

a The patient is standing with the left or right side against the cassette, 
with both arms raised above the head. The Central beam is targeted a 
hand’s width below the left (right) axilla; 
b Lateral chest radiograph; 
c Explanation of the visible structures. 
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Nodules 


C Terminology to describe conventional 
radiographic findings (from Reiser, M. et 
al.: Radiologie [Duale Reihe], 2. Aufl./ 
Radiology 2nd edition. Thieme, Stuttgart 
2006) 

The terminology used to describe conventional 
radiographic findings dates back to the era of 
photofluorography. On the fluorescent screens 
that were used back then, radiopaque areas, 


such as the cor and bones, but also lung me¬ 
tastases (also known as nodules), appear as 
shadows because they show weaker light emis- 
sion (a). Compared with the fluorescent screen, 
modern radiographs (b) produce inverted im- 
ages (negative images): The low absorption ar¬ 
eas (radiolucent areas) appear as dark areas and 
the opacities (radiopaque areas) as bright ar¬ 
eas. 


***> MI4 

MU 


D Opacity in lung diseases 

Lateral and anterior views ofthe right and left 
lung. 

a Opacity of both lobi superiores; b Opacity of 
both lobi inferiores; c Opacity ofthe lobus me¬ 


dius (pulmonis dextri); d Opacity of segmen¬ 
tum apicale on both sides. 

In most cases, opacities that follow the lines of 
segmental lung boundaries are almost always 
due to inflammation ofthe lungs. 



E Pulmonary opacities on an AP chest 
radiograph (from Lange, S.: Radiologische 
Diagnostic der Thoraxerkrankungen, 3. 
Aufl./Diagnostic Thoracic Radiology, 3rd 
edition Thieme, Stuttgart 2005) 
a Right superior lobe atelectasis due to dam- 
age to the bronchus lobaris superior dexter 
caused by a Central carcinoma. This resulted 


in reduced ventilation ofthe affected lobus 
superior and subsequent collapse of lung 
tissue; 

b Left basal pleural effusion causing complete 
opacification ofthe lateral recessus costodi¬ 
aphragmaticus. Opacity is higher laterally, 
concave to the lung and does not follow lo- 
bar boundaries. 





F Radiographic appearance of pulmonary 
vessels (from Reiser, M. etal.: Radiologie 
[Duale Reihe], 2. Aufl./Radiology, 2nd 
edition Thieme, Stuttgart 2006) 
a Detail from AP chest radiograph close to 
the hilum pulmonis: The image shows a 
longitudinal view of a vessel (1), an oblique 
view of a vessel (2) and an oblique view of a 
bronchus (3). Farther out in the periphery, 
opacities are usually not detectable. 
b Schematic view of the vascular bundle in an 
AP projection. 

Note: Arteries always run adjacent to the 
bronchi; arteries to the lobi superiores run 
medial to the veins, and lobus inferior veins 
run horizontally and cross the lobus inferior 
arteries. 

c Schematic view of the vascular bundle, lat¬ 
eral view. 

Note: In the retrocardiac vascular bundle, 
the veins descend more anteriorly than the 
arteries. 
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13.14 Computed Tomography of the Lungs 
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A Reconstruction ofthe arbor bronchialis 
from cross-sectional images 

Anterior view. Three-dimensional reconstruc¬ 
tion ofthe arbor bronchialis from individual CT 
scans. The resuit is a high resolution, three-di¬ 
mensional display. For orientation purposes, a 
CT section displaying the thorax with part of 
the cor and lungs is shown. Unlike the older 
technique of bronchography (radiographic 
contrast examination of the bronchi), this 
procedure is less debilitating for patients. Be- 
cause ofthe high resolution ofthe scan, even 
small changes in the arbor bronchialis can be 
detected and accurately localized. Using this 
technique, a bronchial carcinoma, an often 
malignant tumor that is particularly common 
in smokers, can be precisely localized. 



Interlobar 

boundaries 


B CT scans of the lungs using a lung window thickness that is 
dependent on the layer to be examined (from Lange, S.: 
Radiologische Diagnostic der Thoraxerkrankungen, 3. Aufl./ 
Diagnostic Thoracic Radiology, 3rd edition. Thieme, Stuttgart 2005) 
Computed tomography allows for a view of the lungs, mediastinum, 
pleura, and chest wall in an axial layer without any overlapping structures, 
and with the bronchi serving as an anatomical landmark (see also C). 
In conventional chest CT scans, 8-10 mm thick slices are routinely ex¬ 


amined (a), because they allow for a better evaluation of the vascular 
and arbor bronchialis in their entirety. HR-CT (high resolution CT) uses 
a slice thickness of 1-3 mm (b). The higher resolution makes both the 
interlobar boundaries and the secondary pulmonary lobuli, the smallest 
functional units ofthe lung parenchyma, visible. Usually, this technique 
is used to diagnose cavea thoracis abnormalities, areas of emphysema 
and bronchiectasis. 

Note: Transverse (axial) CT images are evaluated from a inferior view. 
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C Divisions of the bronchus principalis dexter 


Tra 

Trachea 

B1 

Bronchus segmentalis 

Bif 

Bifurcatio tracheae 


apicalis 

rHB 

Bronchus principalis 

B2 

Bronchus segmentalis 


dexter 


posterior bronchus 

Br. int 

Bronchus intermedius 

B3 

Bronchus segmentalis 

SLB 

Bronchus lobaris superior 


anterior 

MLB 

Bronchus lobaris medius 

B4 

Bronchus segmentalis 

ILB 

Bronchus lobaris inferior 


lateralis 


B5 

Bronchus segmentalis 

B8 

Bronchus segmentalis 


medialis 


basalis anterior 

B6 

Bronchus segmentalis 

B9 

Bronchus segmentalis 


superior 


basalis lateralis 

B7 

Bronchus segmentalis 

B10 

Bronchus segmentalis 


basalis medialis 


basalis posterior 


(from: Lange, S Radiologische Diagnostic der Thoraxerkrankungen, 3. 
Aufl./Diagnostic Thoracic Radiology, 3rd edition Thieme, Stuttgart 2005). 
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14.1 Oesophagus: 

Location and Divisions 


Diaphragma — 

Constrictio 

phrenica 



Constrictio 

pharyngo- 

oesophagealis 


Constrictio 

partis 

thoracicae 



A Projection onto the skeleton thoracis 

Anterior view. The oesophagus is located slightly to the right of the 
midline, especially in its course through the thorax, where it descends 
along the right side of the aorta. It pierces the diaphragma just below 
the processus xiphoideus of the sternum. The arrows mark the sites of 
the three normal anatomical constrictions of the oesophagus (see C). 


Corpus vertebrae C6 



C Constrictions and curves of the oesophagus 

Right lateral view (a), anterior view (b). 

The oesophagus has three normal anatomical constrictions, which are 
projected at the levels of specific vertebrae (a). The constrictions are 
caused by adjacent structures that indent the oesophagus and by func- 
tional closure mechanisms (constrictio phrenica, see p. 159). These 
constrictions are visible during gastroscopy, and the scope must be 
carefully maneuvered pastthem (normal width of the oesophagus is ap- 
proximately 20 mm): 

• Upper constriction (constrictio pharyngooesophagealis, 14-16 cm 
from the incisor teeth), corresponds to the esophageal inlet in the 
pars cervicalis of the oesophagus (see p. 158). It is located where 
the oesophagus passes behind the cartilago cricoidea (C6) and has a 
maximum width of approximately 14 mm. 

• Middle constriction (constrictio partis thoracicae, 25-27 cm from 
the incisors), located where the oesophagus passes to the right of 
the arcus aortae and aorta thoracica (at T4/T5). Maximum width is 
14 mm. 


B Divisions of the oesophagus 

Anterior view with the head turned to the right. The oesophagus is ap¬ 
proximately 23-27 cm long, 1-2 cm in diameter, and is divided into 
three parts: 

• Pars cervicalis: just anterior to the columna vertebralis in the neck, 
extends from C 6 to T1. 

• Pars thoracica: the longest part, located in the mediastinum superius 
and posterius, extends from T1 to the hiatus oesophageus of the dia¬ 
phragma (at approximately T11). 

• Pars abdominalis: the shortest part, located in the cavitas peritonei, 
extends from the diaphragma to the ostium cardiacum of the gaster. 



• Lower constriction (constrictio phrenica, 36-38 cm from the inci¬ 
sors), located at the start of the pars abdominalis of the oesopha¬ 
gus, where it pierces the diaphragma (T 10/T11). Functional closure 
of the oesophagus by muscles and veins of the esophageal wall. The 
pars abdominalis is normally occluded except during swallowing (see 
p. 159). Maximum width is 14 mm. 

Besides its constrictions, the oesophagus also presents characteristic 
curves (b): an upper curve to the left (in the pars cervicalis), a mid- 
level curve to the right (in the pars thoracica, caused by the adjacent 
pars thoracica aortae), and a lower curve to the left (in the pars ab¬ 
dominalis). Additionally, the oesophagus is slightly concave anteriorly 
in the sagittal plane, following the curvature of the columna vertebralis 
(kyphosis thoracica, a). 
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D Topographical relations of the oesophagus, posterior view 

The relations of the oesophagus to the pericardium, great vessels, and 
trachea are depicted here. The close proximity of the oesophagus to 
the atrium sinistrum and pars thoracica aortae can be seen. Due to the 
asymmetrical position of the cor in the thorax, the vv. pulmonales dex¬ 
trae are closer to the oesophagus than the vv. pulmonales sinistrae. The 
oesophagus initially descends to the right of the aorta, but just above 
the diaphragma it crosses in front of the aorta before piercing the di¬ 
aphragma to enter the cavitas abdominis (see C). The oesophagus is 
loosely attached by its own connective tissue (tunica adventitia) to the 


connective tissue of the mediastinum (important for swallowing). It is 
stabilized somewhat by the attachment of its anterior wall to the back 
of the trachea, again by numerous slips of connective tissue. 

Note: The trachea develops as an outgrowth from the oesophagus dur- 
ing early embryonic development, at which time a communication ex- 
ists between the two structures. Normally this communication closes, 
but its persistence results in a tracheoesophageal fistula, which may al- 
low food to enter the trachea and reach the lung, causing recurrent epi- 
sodes of pneumonia. 
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14.2 Oesophagus: 

Inlet and Outlet, Opening and Closure 


Membrana 

thyrohyoidea 


Cartilago 

epiglottica 


A. and v. laryngea superior, 
n. laryngeus superior 


Cartilago 

thyroidea 


M. constrictor 
pharyngis 
inferior 



Tuberculum 

cuneiforme 

Tuberculum 

corniculatum 

M. arytenoideus 
obliquus 

M. arytenoideus 
transversus 


M. cricoarytenoideus 
posterior 


N. laryngeus 
recurrens sinister 

Laimer triangle 


Tunica muscularis, 
stratum longitudinale 


Cartilago 

cricoidea 


N. laryngeus 
recurrens dexter 
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Esophageal inlet (upper esophageal sphincter) 

Posterior view. The muscular posterior wall of the pharynx has been 
divided and reflected laterally, and the uppermost esophageal seg- 
ment has been opened posteriorly. At the posterior junction of the 
longitudinal esophageal musculature with the pharyngeal muscula- 
ture, the longitudinal muscles are thin and do not span the full cir- 
cumference of the oesophagus. This area of muscular weakness 
(“Laimer triangle”) is a site of vulnerability for the development of 
diverticula (see p. 161). This diagram shows the oesophagus with an 
expanded, stellate lumen near the esophageal inlet, as it would ap- 
pear during swallowing. While in the resting state, the esophageal in¬ 
let usually has the form of a transverse siit. The musculature of the 
upper oesophagus is a continuation of the (skeletal) musculi phar- 
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cricoidea 


Oesophagus 
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yngis and consists of striated fibers that give way distally to smooth 
muscle (not shown here). 

Midsagittal section, viewed from the left side. In the lateral view, 
both the tunica muscularis oesophagi and tunica mucosa oesophagi 
are visible. Additionally, the diagram shows the posterior dilation of 
the oesophagus, and thus the size of the oesophagus relative to the 
larynx. The constrictio pharyngooesophagealis, located behind the 
cartilago cricoidea, is also clearly visible. 
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B Esophageal outlet and esophageal dosure 

Functional closure of the esophageal outlet is an important mechanism 
for preventing the backflow of gastric contents, especially hydrochloric 
acid, into the distal oesophagus (gastroesophageal reflux). This mecha¬ 
nism is essential because the tunica mucosa oesophagi, unlike the tu¬ 
nica mucosa gastris, is vulnerable to corrosive injury by stomach acid. 
As a resuit, repeated exposure to hydrochloric acid can cause esoph¬ 
ageal inflammation (reflux esophagitis). Early, relatively mild forms of 
this reflux (“heartburn”) are often manifested by a burning retrosternal 
pain that is most pronounced in the supine position (at night). Effective 
closure of the oesophagus is based on several factors: 

• Narrowing of the esophageal outlet by 
- the circular muscles of the oesophagus (see b) and 


- submucous venous plexuses, which raise longitudinal folds in the 
tunica mucosa oesophagi (see c). These prominent veins function 
as portosystemic collaterals in response to an obstruction of portal 
venous blood flow (see p. 163). Together, the esophageal circular 
muscles and venous plexuses provide “angiomuscular closure” at 
the esophagogastric junction; 

• The structurally narrow muscular hiatus oesophageus in the dia¬ 
phragma (see c); 

• Connective tissue and fat surrounding the esophagogastric junction 

(c); 

• Continuity of the esophageal and gastric musculature (b), and the 
oblique angle at which the oesophagus joins the gaster just below 
the diaphragma (the angle of His, see a). 
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14.3 Oesophagus: 

Wall Structure and Weaknesses 
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A Structure ofthe esophageal wall 

Posterior view. Portions of the pharynx, larynx, and trachea are also 
shown; and the outermost layer (tunica adventitia, see B) has been re- 
moved. The esophageal wall has been telescoped to display both lay- 
ers of the tunica muscularis (the strata circulare and longitudinale). 
They are connected to the mm. pharyngis at the esophageal inlet (hid- 
den here by the pharynx). The muscles ofthe oesophagus can gener¬ 
ate powerful peristaltic movements directed toward the gaster (actively 
propelling a food bolus to the stomach in 5-8 seconds), and they can 
reverse the direction of these movements during vomiting (antiperistal- 
sis). 
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B Microscopic structure of the esophageal wall 

Transverse section through an oesophagus in the contracted (left) and 

relaxed state (right). The layers of the esophageal wall are typical of a 

hollow viscus in the digestive tract: 

• The tunico mucosa, which consists of an epithelial layer, lamina pro¬ 
pria, and lamina muscularis. The epithelial layer is composed of strat- 
ified, nonkeratinized squamous epithelium (for mechanical resis- 
tance to food passage). 

• The tela submucosa, a loose layer of connective tissue that contains 
numerous glands (gll. oesophageae) whose secretions lubricate the 
tunica mucosa to facilitate food passage. Particularly in the lower oe¬ 
sophagus, the tela submucosa contains numerous veins that partici¬ 
pate in the closure of the esophageal outlet (see p. 159). 

• The tunica muscularis, consisting of an inner layer of circular muscle 
and an outer layer of longitudinal muscle. Smooth-muscle contrac- 
tions aid in the peristaltic propulsion of food. 

• The tunica adventitia, a layer of loose connective tissue that tethers 
the oesophagus to the mediastinal connective tissue and is firmly at- 
tached to the connective tissue of the posterior tracheal wall. 




C Functional architecture ofthe esophageal muscles 

During the act of swallowing, the esophageal outlet at the cardiac end 
ofthe gaster opens (a) and then immediately closes (b). The strata lon¬ 
gitudinale and circulare ofthe tunica muscularis ofthe oesophagus (see 
A) contain numerous fibers that wind obliquely around the organ (see 
the circles in the figure). The musculature is additionally “twisted” due 
to the embryonic rotation ofthe gut (see p. 33). Owing to the presence 
of longitudinal, circular, and oblique fibers, the oesophagus can be nar- 
rowed and closed as needed (by the action of the circular fibers) at its 
inlet and outlet (see p. 159), but it can also be simultaneously narrowed 
and shortened by the combined action of the longitudinal, circular and 
oblique fibers to generate peristaltic motion toward the gaster during 
swallowing. 
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D Development of esophageal diverticula 

Esophageal diverticulo (abnormal outpouchings or sacs) most commonly 
develop at a weak spot like that located above the hiatus oesophageus 
ofthe diaphragma (parahiatal orepiphrenic diverticulum, 10% of cases). 
These are “false” pulsion diverticulo in which the tunica mucosa and tela 
submucosa herniate through weak spots in the tunica muscularis due to 
a rise of pressure in the oesophagus (e.g., during normal swallowing). 
A Zenker diverticulum, often described as the most common esoph¬ 
ageal diverticulum (70% of cases), is actually a hypopharyngeal diver¬ 
ticulum occurring at the junction of the pharynx and oesophagus (the 
“Killian triangle”). This wall protrusion is also called a pharyngoesopha- 
geal diverticulum. The remaining 20% of esophageal diverticula do not 
occur at typical weak spots and are characterized by the protrusion of 
ali wall layers (“true” diverticula, troction diverticulo). They usually resuit 
from an inflammatory process such as lymphangitis, in which case they 
occur at the site where the oesophagus closely approaches the bron¬ 
chi and nll. tracheobronchiales (thoracic or parabronchial diverticulum). 



E Barium swallow (a-c) and endoscopy (d) used to diagnose 
diverticula (from: Reiser, M et al.: Radiologie [Duale Reihe], 2 Aufl./ 
Radiology, 2nd edition. Thieme, Stuttgart 2006) 
a Epiphrenic diverticulum with small pooling of contrast medium (ar- 
row) directly above the diaphragma; 
b Traction diverticulum (double-contrast view, arrows) at the level of the 
bifurcatio tracheae; 



d 


c Zenker diverticulum directly below the cartilago cricoidea, pooling of 
contrast material detected (arrow); 

d Endoscopic view, the esophageal diverticulum is recognizable 
through an additional orifice in the esophageal wall. 
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14.4 Arteries and Veins of the Oesophagus 


A Blood vessels of the oesopha¬ 
gus 

a Arteries, b veins. 

Posterior wall of the thorax and up- 
per abdomen, viewed from the an¬ 
terior aspect. AII of the thoracic or- 
gans have been removed except for 
the oesophagus and part of the tra¬ 
chea. The proximal portion of the 
gaster has been left in the abdo¬ 
men. 

Note: The oesophagus is supplied 
by three groups of arteries, con¬ 
sistent with its division into three 
parts (see p. 156), and it is likewise 
drained by three venous groups 
(see B). 
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B Arterial supply and venous drainage of the oesophagus 


Part of oesophagus 

Arterial supply 

Venous drainage (see Ab) 

• Pars cervicalis 

• Rr. oesophageales 

- Usually from the a. thyroidea inferior or 

- Direct branches (rare, not shown here) from 
the truncus thyrocervicalis or a. carotis 
communis 

• Esophageal veins 

- Drain to v. thyroidea inferior or 

- Leftv. brachiocephalica 

• Pars thoracica 

• Rr. oesophageales from the aorta thoracica, dis- 
tributed to the anterior and posterior sides of 
the oesophagus 

• Vv. oesophageales 

- Drain at upper left into the v. hemiazygos 
accessoria or leftv. brachiocephalica 

- Drain at lower left into the v. hemiazygos 

- Drain into the v. azygos on the right side 

• Pars abdominalis (smallest arteries 
and veins serving the oesophagus) 

• R. oesophagealis of the a. gastrica sinistra 

• Vv. oesophageales draining into the v. gastrica 
sinistra 
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Vv. oesophageales 


V. jugularis 
externa 

V. subclavia 

V. brachio¬ 
cephalica sinistra 


V. hemiazygos 
accessoria 


Vv. intercostales 
posteriores 


b Veins of the esophagus (legend on previous page). 


V. hemiazygos 


Diaphragma 

Fundus 

gastricus 

Vv. oeso¬ 
phageales 


V. azygos 

Oesophagus 

Plexus venosus in 
esophageal wall 

Vv. gastricae 


V. portae 
hepatis 


Oesophagus 



Oesophagus 


Veins in 

esophageal wall 


Gaster 


Veins in 
gastric wall 


Dilated veins in 
esophageal wall 
(esophageal varices) 


Gaster 

Dilated veins 
in gastric 
wall 


V. cava superior 
- V. hemiazygos 




Splen 


V. splenica 


C Submucous venous plexuses and venous collaterals 
a, b Submucous venous plexuses and varices in the oesophagus (af- 
ter Stelzner): The smallest tributaries of the vv. oesophageales pass 
through all layers of the esophageal wall, accompanied by arterial 
branches, to the lamina propria of the tunica mucosa. In the adja¬ 
cent, thicker tela submucosa they form an extensive plexus that con- 
tributes to functional closure of the oesophagus at the junction of 
its partes thoracica and abdominalis (see p. 159). This venous plexus 
is continuous with an analogous plexus at the gastric inlet. With any 
obstruction of portal venous flow to the hepar (as in cirrhosis asso- 
ciated with chronie alcoholism), these anastomoses provide a collat- 
eral pathway by which the venous blood flow may be diverted into 
the submucous venous plexuses of the oesophagus, causing them to 
undergo varicose dilation (esophageal varices, see b). There may be 
associated abnormal dilation of the gastric veins. 


c V. mesentercia Gaster 

superior 


c Esophageal venous collaterals (after Strohmeyer and Dolle): 
Venous anastomoses provide two routes for draining the veins at the 
junction of the partes thoracica and abdominalis of the oesophagus: 

1. Via the vv. azygos or hemiazygos to the v. cava superior (thoracic 
route) 

2. Via the v. gastrica sinistra to the v. portae hepatis (abdominal 
route) 

Thus, when portal venous flow becomes obstructed in the hepar (cir¬ 
rhosis), blood may be diverted through the vv. oesophageales to the 
v. cava superior (portosystemic collaterals, see p. 211) 
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14.5 Lymphatic Drainage of the Oesophagus 


NI. juxtaoesophagealis 



Drained by 

a trunci jugulares 



A Lymphatic drainage of the oesophagus 

a Lymphatic drainage of the esophageal wall, b lymphatic drainage at 
different levels of the oesophagus. 

Lymph from the oesophagus flows from inside to outside through the 
various wall layers (a), draining initially to the nodi lymphoidei that are 
distributed along the esophageal wall (nodi juxtaoesophageales, see B). 
There are three principal directions of lymphatic drainage, which corre- 
spond roughly to the three divisions of the oesophagus (b): 

• The pars cervicalis of the oesophagus drains cranially, mainly to the 
nll. profundi cervicales laterales and then to the truncus jugularis. 

• The pars thoracica of the oesophagus drains in two principal direc¬ 
tions: 

- Cranially to the trunci bronchomediastinales (upper half). 

- Inferiorly (partly via the nll. phrenici superiores) to the trunci bron¬ 


chomediastinales (lower half). Fine vasa lymphatica may convey 
a small amount of lymph through the hiatus oesophageus into 
the upper abdomen to the pars abdominalis of the oesophagus 
(lymph may drain to the nll. phrenici inferiores as well as the nll. co¬ 
eliaci). The “watershed” area for these two flow directions lies at 
the approximate midpoint of the pars thoracica oesophagi, whose 
upper part may also drain to nodi paratracheales. 

• The pars abdominalis of the oesophagus, like the gaster, drains to the 
nll. coeliaci (not shown here). Thus, when the flow direction in these 
lowest esophageal nodi lymphoidei is reversed (a simple change of 
body posture or intracavitary pressure change due to breathing or 
bearing down can alter the direction of lymph flow), lymph from the 
gaster (which may bear malignant cells from gastric carcinoma) can 
reflux across the diaphragma and enter the nll. thoracis. 
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Nll. juxta- 
oesophageales 


Bronchus 
principalis dexter 


Nll. tracheo¬ 
bronchiales 
inferiores 


Diaphragma 


Nll. phrenici 
inferiores 


Anulus lymphaticus 
cardiae (inconstant) 



B Nodi lymphoidei ofthe oesophagus 

Anterior view of the opened thorax. AII thoracic organs, with the ex- 
ception of a portion of the trachea, the bronchi principales, and the 
oesophagus have been removed. Part of the abdomen is shown, and 
the gaster has been retracted slightly downward. A portion ofthe dia¬ 
phragma has been excised to display the hiatus oesophageus. The oe¬ 
sophagus is covered by a network of fine vasa lymphatica that carry 
lymph to the nll. juxtaoesophageales. Lymph from the nll. juxtaoesoph¬ 
ageales drains to collecting nodes or directly into the truncus jugularis 
or the right and left trunci bronchomediastinales (see A). Esophageal 


lymphatics near the bifurcatio tracheae also communicate with the nodi 
tracheobronchiales (inferiores). Vasa lymphatica descend with the oe¬ 
sophagus through the hiatus oesophageus, and they may connect at 
the abdominal level with the inconstant anulus lymphaticus cardiae that 
surrounds the ostium cardiacum of the gaster (drains to the nodi co¬ 
eliaci). The esophageal nodi lymphoidei at this level may also connect 
with the nodi lymphatici on the inferior surface ofthe diaphragma (nodi 
phrenici inferiores). 

Note: The nll. juxtaoesophageales are classified as a subgroup ofthe me- 
diastinal nodi lymphoidei (see also p. 83). 
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14.6 Innervation of the Oesophagus 


N.vagus 
dexter 


Oesophagus, 
pars cervicalis 


N.vagus 
sinister 


A. carotis 
communis dextra 


Trachea 

Plexus brachialis 
A. subclavia 


M. scalenus anterior 
M. scalenus medius 
M. scalenus posterior 


A. carotis 
communis sinistra 


N. laryngeus 
recurrens dexter 


Costa I 


Truncus 

brachiocephalicus 


Oesophagus, 
pars thoracica 

Pleura parietalis, 
pars costalis 


Pleura 
parietalis, pars 
mediastinalis 


Diaphragma 



A. subclavia 

N. laryngeus 
recurrens sinister 


Pleura parietalis, 
pars cervicalis 

Arcus aortae 


N. laryngeus 

recurrens 

sinister 


Aorta 

thoracica, 

pars 

descendens 


Truncus 

vagalis 

anterior 

Plexus 

oeso¬ 

phagealis 


Pleura parietalis, 
pars diaphragmatica 


Oesophagus, 
pars abdominalis 


Pericardium Gaster 

fibrosum 


Recessus costo¬ 
diaphragmaticus 


A Innervation of the oesophagus. 

OverView 

Anterior view with the thorax opened. AII or- 
gans except for the trachea and oesophagus 
have been removed. The left and right nn. vagi 
give off branches to the oesophagus. These 


branches form the plexus oesophageus. The 
plexus, located on the anterior and posterior 
esophageal walls, further descends and enters 
the abdomen as the trunci vagales anterior 
and posterior. The plexus oesophageus also re- 
ceives fibers from the sympathetic chain. 


B Effects of the partes sympathica and parasympathica of the nervous system on the 
oesophagus 


Pars sympathica 

Pars parasympathica 

• Decreases peristalsis 

• Decreases gl. oesophagea secretions 

• Increases peristalsis 

• Increases gl. oesophagea secretions 


C Referred pain from the oesophagus 

Anterior view. As with other visceral struc- 
tures, pain in the oesophagus may not be lo- 
calized to the organ itself, but may instead 
seem to originate elsewhere. Esophageal pain 
may be referred to cutaneous areas over the 
sternum. The phenomenon is called “referred 
pain.” 
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Oesophagus 


Oesophagus 



N.vagus 
dexter 


Truncus 

vagalis 

posterior 


E Formation of the plexus oesophageus 

The oesophagus and part of the gaster, viewed 
from the anterior side (a) and posterior side 

(b). 

Initially the nn. vagi descend a short distance 
on the left and right sides of the oesopha¬ 
gus as the left and right nn. vagi, but then 
they turn anteriorly and posteriorly owing to 
the 90° clockwise rotation of the oesophagus 
(viewed from above) that occurs during em- 
bryonic development. The left n. vagus now 
becomes the truncus vagalis anterior, and 
the right n. vagus becomes the truncus vag¬ 
alis posterior. Both trunks exchange a consid- 
erable number of fibers, however, so that the 
truncus vagalis anterior (actually a derivative 


of the left n. vagus) also contains fibers from 
the right n. vagus, and vice versa. Both nn. vagi 
and both trunci vagales distribute numerous 
fibers to the oesophagus, which form the an¬ 
terior and posterior plexus oesophagei. The 
plexus oesophageus is continuous inferiorly 
with the plexus gastricus. The pars cervicalis of 
the oesophagus is supplied by the nn. laryn¬ 
gei recurrentes, which arise from the nn. vagi. 
The postganglionic sympathetic fibers enter 
the plexus oesophageus, which thus contains 
both parasympathetic and sympathetic fibers. 
On the whole, however, the parasympathetic 
innervation of the oesophagus is greater than 
its sympathetic innervation. 


D Autonomic innervation of the oesophagus 
Parasympathetic fibers arise from the nuclei 
posteriores nervorum vagorum and enter the 
nn. vagi. The n. vagus gives off parasympa¬ 
thetic motor fibers to the pars cervicalis of the 
oesophagus via the n. laryngeus recurrens. 
Other vagal axons form an extensive plexus oe¬ 
sophageus, which extends to abdominal levels 
of the oesophagus. These presynaptic fibers 
synapse on scattered parasympathetic gan¬ 
glion cells (not depicted here) in the esopha- 
geal wall. The embedded ganglion cells in turn 
innervate esophageal smooth muscle and 
glands. 

Note: The n. vagus also conveys direct motor 
innervation, without an intervening local syn¬ 
apse, from the nucleus ambiguus in the trun¬ 
cus encephali (not shown here) to striated 
muscle in the pars cervicalis oesophagi via the 
n. laryngeus recurrens. 

Sympathetic fibers are contributed mostly 
by the second through sixth thoracic ganglia 
trunci sympathici. These postsynaptic axons 
enter the plexus oesophageus but directly in¬ 
nervate the oesophagus. The ganglion sym¬ 
pathicum cervicale medium contributes inner¬ 
vation to the pars cervicalis of the oesophagus. 
On the whole, sympathetic innervation is much 
less extensive than the parasympathetic supply 
to the esophagus. 


Tela 

submucosa 


Tunica 

muscularis, 

stratum 

circulare 



Tunica muscularis, 
stratum longitudinale 


F Autonomic nerve plexuses in the 
esophageal wall 

Oblique view of the oesophagus, dissected to 
show the different wall layers. Like all hollow 
organs in the gastrointestinal tract, the oeso¬ 
phagus has its own autonomous intramural 
nervous system. This system consists mainly 
of two plexuses, which are located in the tela 
submucosa (plexus submucosus) and in the 
tunica muscularis (plexus myentericus). These 
plexuses are composed of intramural ganglion 
cells that are interconnected by an extensive 
network and control the muscular functions of 
the oesophagus (e.g., peristalsis). The activity 
of this autonomous network is modulated by 
the partes sympathica and parasympathica of 
the nervous systems (see B). 
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14. Oesophagus and Thymus and their Neurovasculature 


14.7 Thymus 


Projectiori of cavitas 
pleuralis dexter 



Projectiori ofthe thymus 
(“thymic triangle”) 

Projectiori of cavitas 
pleuralis sinister 


A Projectiori of the thymus onto the chest wall 

For clarity, the cavitates pleurales have also been projected onto the 
chest wall. The thymus lies in the mediastinum superius and extends 
down into the mediastinum anterius, where it is anterior to the corand 
great vessels and posterior to the sternum. The area in which the thy¬ 
mus projects onto the chest wall is sometimes called the “thymic tri¬ 
angle.” On the chest radiograph of a very small child, the large thymus 
may appear to broaden the silhouette of the cardiac base. 


Fibrous 

trabeculae 


Cortex 

thymi 


Fibrous 

capsula Medulla thymi 



Fatty tissue 



a Remnants of medulla thymi 


Epithelial 

(epithelial reticular) cells 


Fibrous 

capsula 



Macrophage Corpusculum thymicum 
(Hassalls corpuscle) 


Fibrous 

perivascular 

space 


Dendritic 

cells 


Myoid cell 


B Histological structure ofthe thymus 

a Structure of the thymus in adolescence (above) and old age (be- 
low). The thymus is a primary lymphatic (lymphoepithelial) organ 
that has a predominantly endodermal origin (saccus pharyngeus ter¬ 
tius) but also contains ectodermal elements. It plays a Central role in 
the maturation of T (thymus) lymphocytes and their differentiation 
into immunologically competent cells. Additionally, immune-modu- 
lating hormones (thymosin, thymopoietin, thymulin) are produced in 
the thymus. Congenital absence of the thymus results in severe im- 
munodeficiency. The thymus consists of a cortex and medulla. The 
cortex thymi appears much darker-staining due to the predominance 
of thymocytes (precursors to T-lymphocytes). The inner medulla 
thymi appears lighter-staining as a resuit of fewer thymocytes and an 
increase in the number of epithelial cells. Fine, vascularized trabecu¬ 
lae extend from the delicate fibrous capsula of the thymus into the 
parenchyma, subdividing the organ into numerous lobuli. 

b Functional architecture (as described by Lullmann Rauch). The thy¬ 
mus consists of a basic epithelial framework (lymphoepithelial or¬ 
gan). During embryonic development, the precursors of T-lympho¬ 
cytes migrate into the thymus and mature (under the control of the 
epithelial cells) into immunocompetent T-lymphocytes. The epi¬ 


thelial cells form a densely packed, subcapsular layer that creates a 
boundary between the interior of the thymus and the cortical cap- 
illaries in the fibrous trabeculae (the “blood-thymus barrier,” not 
shown here). Epithelial (epithelial reticular) cells with long processes 
join together in the cortex and medulla thymi to form a three-dimen- 
sional network that encloses the thymocytes. (Thymocytes are not 
shown here in order to display other cell types clearly.) Epithelial cells 
in the medulla aggregate to form the corpuscula thymica (HassalTs 
corpuscles). The innermost cells in large corpuscula thymica often 
degenerate into a homogeneous mass. The function of the corpus¬ 
cula thymica is not yet fully understood. The thymus contains several 
other cell types as well: 

• Macrophages (phagocytosis of thymocytes) 

• Dendritic cells (antigen presentation) 

• Myoid cells (function unclear) 

Maturation ofthe thymocytes occurs during their migration from the 
cortex to the medulla. A mature T-lymphocyte can recognize foreign 
antigens and differentiate them from endogenous cells (“autotoler- 
ance”). 
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V. jugularis A. carotis V. jugularis 

interna Gl. thyroidea communis interna 


V. thyroidea inferior 

Truncus brachio¬ 
cephalicus 

V. brachio¬ 
cephalica sinistra 


V. cava superior 



Thymus, 
lobus dexter 


Pulmo dexter 


Diaphragma 


V. brachio¬ 
cephalica sinistra 


^ - N. phrenicus, 

a. and v. 
pericardiaco¬ 
phrenica 


A. pulmonalis 
sinistra 


Thymus, 
lobus sinister 


Pleura parietalis, 
pars diaphragmatica 


Pleura parietalis, 
pars mediastinalis 


Pericardium fibrosum 


C Size and shape of the thymus 

Anterior view into the mediastinum superius of a 2-year-old child. The 
thymus is stili well developed at this age, consisting of two prominent 
lobi (right and left) that are subdivided by fibrous septa into numerous 
lobuli. Usually the thymus is apposed to the anterior surface of the peri¬ 


cardium and lies anterior to the v. cava superior, vv. brachiocephalicae, 
and aorta. In a small child, the thymus may extend up into the neck al- 
most to the level of the gl. thyroidea, lying posterior to the lamina pre¬ 
trachealis of the fascia cervicalis. When the thymus reaches its greatest 
size during puberty, it has a maximum weight of 20-50 g. 




D Size of the thymus in newborns (a) and 
in adults (b) 

In adults, the thymus is smaller than in new¬ 
borns and lies in the mediastinum superius. In 
newborns, the thymus extends down into the 
mediastinum inferius. 
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15.1 Surface Anatomy, Topographical Regions, 
and Palpable Bony Landmarks 



Fossa 

jugularis 

Linea 

sternalis 

Areola 

mammae 

Papilla 

mammaria 


Fossa 

cubitalis 



M. delto¬ 
ideus 


Regio 
vertebralis 
with spinal 
furrow 


a 


A Surface of the female thorax 

a Anterior view; b Posterior view. 


Art. acromio¬ 
clavicularis 


Intersectiones 

tendinae 


M. sterno¬ 
cleidomastoideus 


Fossa supra¬ 
clavicularis 



Vertebra 

prominens 

(CVII) 


M. trapezius 


M. pectoralis 
major 



Spina 

scapulae 

Scapula, 

margo 

medialis 


M. erector 
spinae 


a 


b 


B Surface of the male thorax 

a Anterior view; b Posterior view. 
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Trigonum 
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Regio pectoralis 
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Regio 

inframammaria 



Regio 

presternalis 


Fossa 

infraclavicularis 


Regio Epigastrium 

a hypochondriaca (regio epigastrica) 


Regio 

vertebralis 
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Regio deltoidea 
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Regio 
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Regio 
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C Topographical anatomy of the male thorax 

a Anterior view; b Posterior view. 
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Acromion 
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coracoideus 

Tuberculum 

majus 

Tuberculum 

minus 



Manubrium 

sterni 

Corpus sterni 
Costae 


Proc. 

xiphoideus 


Vertebra 

prominens 

(CVII) 


Angulus Clavicula, 
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acromialis 


Procc. 

spinosi 
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D Surface anatomy and palpable bony landmarks in the thoracic 
region 

a Anterior view; b Posterior view. 


171 


























Thorax 


15. Topographical Anatomy 


15.2 Anatomical Landmarks of the Skeleton Thoracis 
(Projection of Organs) 


Linea 

sternalis 


B Projection of anatomical structures onto 
the vertebrae thoracicae 


Linea 

mediana 

anterior 


Linea 

parasternalis 



Proc. spinosus CVII 


Proc. spinosus TXII 
(slightly below 
costa XII) 


Linea medio¬ 
clavicularis 


Linea 




Proc. spinosus Tlll 
(on the line connecting 
the spinae scapulae) 

Proc. spinosus TVII 
(on the line connecting 
the angulae inferiores 
scapulae) 



T1 Margo superior of the scapula 

T2/3 Incisura jugularis of the sternum 

T3 • Medial border of the spina 

scapulae 

• Posterior end of the pulmonary 


Spina 

fissura obligua 

scapulae T3/4 

• Bifurcatio tracheae 

Scapula 

• Root of the arcus aortae 

T3-4 

Manubrium sterni 

Angulus 


inferior T4 

End of the arcus aortae 

scapulae 


T 4/5 

Angulus sterni 

T5 

Ductus thoracicus crosses the 


midline 

T5-8 

Sternum 

T7 

• Angulus inferior scapulae 


• V. hemiazygos accessoria 
crosses the midline to the right 
and opens into the v. azygos 

T8 • Foramen venae cavae of the 

diaphragma 

- V. cava inferior 

- Right n. phrenicus 

• Left n. phrenicus pierces the di¬ 
aphragma to the left of the 
centrum tendineum 

• V. hemiazygos crosses the mid¬ 
line to the right and opens into 
the v. azygos 

T8/9 • Symphysis xiphosternalis 

• Aa. and vv. epigastricae 
superiores pass through the 
diaphragma 

• Processus xiphoideus 


A Anatomical landmarks of the skeleton 
thoracis 

The skeleton thoracis presents a number of 
visible and palpable landmarks that are acces- 
sible to physical and radiographic examination 
(see B). These landmarks can be used to de- 
fine reference lines for describing and evaluat- 
ing the location and extent of organs based on 
their relationship to the lines: 

• Longitudinal reference lines (a, b) are defined 
by visible or palpable anterior (a) and pos¬ 
terior (b) bony structures and provide infor- 
mation on the location and extent of specific 
thoracic organs (e.g., the apical heartbeat is 
palpable in the left mid-clavicular line). 

• Most horizontal reference lines (c) are de¬ 
fined by the position of specific vertebrae 
thoracicae. The seventh vertebra cervica¬ 
lis (C7) is easily identified by palpating its 


very prominent processus spinosus. It pro¬ 
vides a starting point from which the exam¬ 
iner can locate ali 12 vertebrae thoracicae 
(T1-T12). The levels of the T3 and T7 ver¬ 
tebrae correspond respectively to the me¬ 
dial end of the spina scapulae and the angu¬ 
lus inferior of the scapula. 

• The ribs as anatomical landmarks (d). The 
levels of intrathoracic organs also corre- 
late with specific ribs and spatia intercos¬ 
talia, particularly on the anterior side. The 
costa prima is usually difficult to palpate be- 
cause it is behind the clavicula. The costa 
secunda, however, is attached to the pal¬ 
pable angulus sterni (where the corpus and 
manubrium sterni join). Past the costa se¬ 
cunda, the examiner should have no diffi- 
culty counting down the remaining ribs. 


T8-10 Superior border of the hepar 
(moves with respiration) 

T10 • Hiatus oesophageus of the 

diaphragma: 

- Oesophagus 

- Truncus vagalis anterior 

- Truncus vagalis posterior 

T12 • Hiatus aorticus of the 

diaphragma: 

- Aorta 

- Vv. azygos and hemiazygos 

- Ductus thoracicus 

• Origin of the truncus coeliacus 
(inferior border of T 12) 

• Nn. splanchnici pass through 
the crura of the diaphragma 

• Truncus sympathicus passes 
below the lig. arcuatum me¬ 
diale: planum transpyloricum 
(line in abdomen, see p. 352) 
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V. jugularis 
interna 


Apex pulmonis 
Manubrium sterni 
V. brachio 


Vv. pulmonales 
dextrae 

V. cava superior 

Pulmo dexter 

Corpus sterni 

Costa VI 


A. and v. subclavia 
Apertura sinistra 

thoracis superior 


Costa I 


Costa II 


V. brachio¬ 
cephalica sinistra 

Arcus aortae 

Vv. pulmonales 
sinistrae 



Proc. xiphoideus 
sterni 


Boundary of pleura 
parietalis lining the 
cavitas pleuralis dextra 


Apertura 
thoracis inferior 


Boundary of pleura 
parietalis lining the 
cavitas pleuralis sinistra 



C OverView of the thorax 

a Anterior view. The mm. intercostales, fas¬ 
ciae, and abdominal organs have been re- 
moved. b Simplified schematic view from the 
posterior side. The scapulae and several ab¬ 
dominal organs have been outlined for clarity. 
The cavitas thoracis is one of the three main 
body cavities, along with the cavitates abdom¬ 
inis and pelvis. The wall surrounding the cavi¬ 
tas thoracis consists of 

• bones: 12 vertebrae thoracicae, 12 pairs of 
costae, and the sternum 

• connective tissue: internal fasciae of the 
thorax, muscle fasciae 

• muscles: chiefly the mm. intercostales, in¬ 
ternal muscles, and diaphragma 

The cavitas thoracis is divided into the cen- 
trally located unpaired mediastinum, which 
contains the mediastinal organs, and the 
paired cavitates pleurales. The mediastinum 
contains the Central motor of the circulatory 
system, the cor, and the thoracic part of the 
digestive system, the oesophagus. The cavi¬ 
tates pleurales enclose the major organs of 
respiration, the pulmones. Also, a number of 
neurovascular structures pass through or ter¬ 
minate within the thorax. 

The bony cavea thoracis is open at its apex 
at the apertura thoracis superior (thoracic in- 
let), which is closely bounded and protected 
by muscles and connective tissue but com- 
municates structures from the neck. The aper¬ 
tura thoracis inferior (thoracic outlet) is almost 
completely sealed from the cavitas abdomi¬ 
nis by the diaphragma and its fasciae (shown 
most clearly in a). 

Note: The diaphragma is normally in the shape 
of a high dome, with a substantial superior 
convexity that places part of the cavitas ab¬ 
dominis above the apertura thoracis inferior 
(see the abdominal organs shadowed in b). A 
perforating injury perpendicular to the trunk 
wall, as from a gunshot or stab wound, may 
thus simultaneously breach both the cavitates 
abdominis and thoracis (“multicavity injury”). 
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15.3 Structure of the Anterior Thoracic Wall 
and its Neurovascular Structures 



A. and v. 
thoracica lateralis 


A. and v. 
thoracica interna 

A., v., and 
n. intercostalis 


M. obliquus 
externus abdominis 

M. obliquus 
internus abdominis 

M. transversus 
abdominis 




A. and v. epigastrica 
superior 

Vagina m. recti 
abdominis, 
lamina posterior 

M. rectus abdominis 


Umbilicus 


A Neurovascular structures of 
the anterior trunk wall 

Anterior view. On the right side of 
the trunk, the mm. pectorales ma¬ 
jor and minor have been completely 
removed and the mm. obliqui ex¬ 
ternus and internus abdominis have 
been partially removed to display 
both epifascial (subcutaneous) and 
deep (subfascial) neurovascular 
structures. For the depiction of the 
a. and vv. epigastricae superiores 
the superior part of the right m. rec¬ 
tus abdominis has been removed or 
rendered transparent. In order to il¬ 
lustrate the course of the aa. and vv. 
intercostales, the spatia intercosta¬ 
lia have been exposed. 



B The arterial supply of the anterior trunk wall 

Anterior view. The anterior trunk wall receives its blood supply from 
two main sources: the a. thoracica interna, which arises from the a. sub¬ 
clavia, and the a. epigastrica inferior, which arises from the a. iliaca ex¬ 
terna. It is also supplied by smaller vessels arising from the a. axillaris 
(a. thoracica superior, a. thoracodorsalis, and a. thoracica lateralis) and 
from the a. femoralis (a. epigastrica superficialis and a. circumflexa ilium 
superficialis). 


Costa 


Sulcus costae 

A., v., and n. 
intercostalis 

M. intercostalis 
externus 

M. intercostalis 
internus 


Recessus costo¬ 
diaphragmaticus 



Pulmo 

Fascia 

endothoracica 

Pleura parietalis, 
pars costalis 

Cavitas pleuralis 

Pleura visceralis 
(pulmonis) 


M. intercostalis 
intimus 


Diaphragma 

Fascia 

phrenicopleuralis 

Pleura parietalis, 
pars diaphragmatica 


Hepar 


C Structure of the lateral thoracic wall 

Coronal section through the lateral thoracic wall and recessus costodia¬ 
phragmaticus. 
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Pulmo dexter, 
lobus superior 


A. and v. 
thoracica interna 



Pulmo dexter, 
lobus medius 

Pulmo dexter, 
lobus inferior 


J§ 


Pleura parietalis, 
pars mediastinalis 

Pleura parietalis, 
pars costalis 

Pulmo with 
pleura visceralis 


Pleura parietalis, 
pars diaphragmatica 


D Thorax, cavitates pleurales have been opened 

Anterior view. 



E Recessus costomediastinalis and costodiaphragmaticus 

On the left side, the pleura parietalis has been siit open parasternally 
and above the 9th rib so that the recessus costomediastinalis and cos¬ 
todiaphragmaticus can be located with the fingertips. On the right side, 


the pulmo together with its pars mediastinalis pleurae has been care- 
fully loosened from the pericardium in order to display the a. and v. 
pericardiacophrenica and n. phrenicus. 
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15.4 Thoracic Organs in situ: 

Anterior, Lateral, and Inferior Views 


Gl. thyroidea, Cartilago N. phrenicus 
lobus dexter thyroidea sinister 


V. jugularis interna 
N. phrenicus dexter 
M. scalenus anterior 
Trachea 

N. vagus dexter 


Truncus 

brachiocephalicus 


V. brachio¬ 
cephalica dextra 


V. cava superior 


Thymus 

A. and v. 
pericardiaco¬ 
phrenica, 
n. phrenicus 


Pulmo dexter 


N. laryngeus 
recurrens 

Plexus brachialis 

N. vagus sinister 

A. and v. subclavia 

A. and v. 
thoracica interna 


Costa I 



V. brachio¬ 
cephalica sinistra 

Arcus aortae 

N. vagus sinister 

- A. pulmonalis 
dextra 


Pleura parietalis, 
pars mediastinalis 


Pulmo sinister 


Pericardium 

fibrosum 


A. and v. pericardiacophrenica, N. phrenicus, 

rr. pericardiaci rr. pericardiaci 


Pleura parietalis, 
pars diaphragmatica 


A Mediastinum, anterior view with the anterior thoracic wall 
removed 

Coronal section through the thorax. AII connective tissue has been 
removed from the mediastinum anterius. This dissection displays a 
prominent thymus, occupying the mediastinum superius and extend- 
ing inferiorly into the mediastinum anterius. Visible structures that are 
continued from the mediastinum superius into the neck or upper limb 


include branches of the arcus aortae, the v. cava superior, and the tra¬ 
chea, although the latter is mostly obscured by the vessels surrounding 
the cor. The mediastinum medium, visible in this coronal section, is dom- 
inated by the cor and pericardium (fused to the diaphragma) and the as- 
sociated neurovascular structures—the n. phrenicus and a. and v. peri¬ 
cardiacophrenica. These vessels descend along the pericardium toward 
the diaphragma while giving off rr. pericardiaci. 
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Esophageal 

inlet 


Oesophagus, 
pars cervicalis 


Nll. brachio¬ 
cephalicus 


V. azygos 

Origin of bronchus 
principalis sinister 


Nll. tracheo¬ 
bronchiales 

A. pulmonalis 
dextra 

Oesophagus, 
pars thoracica 

Atrium sinistrum 


Nll. phrenicus 
superior 

Diaphragma 

Hepar 



Cartilago 

thyroidea 

Gl. thyroidea 

Trachea, 
pars cervicalis 

Fascia cervicalis, 
lamina pretrachealis 

Fascia cervicalis, 
lamina superficialis 

V. brachiocephalica sinistra 


Manubrium sterni 

Aorta ascendens 

Thymus (retro- 
sternal fat pad) 

Valva aortae 
Corpus sterni 


B Lateral view of the mediasti¬ 
num 

Midsagittal section; viewed from 
the right side. The pericardium, cor, 
trachea and oesophagus have been 
cut open, simplified drawing. 

This lateral view demonstrates the 
anterior-to-posterior shift of the 
trachea, located directly in front 
of the oesophagus, as it descends 
through the neck and extends into 
the thorax. After entering the tho¬ 
rax through the apertura thoracis 
superior, it passes posteriorly to the 
vessels near the cor. The oesopha¬ 
gus is located in the immediate vi- 
cinity of the atrium sinistrum. 


Cavitas pericardiaca 


Mediastinum 

anterius 

Site of attachment 
between hepar and 
diaphragma (area nuda) 

Proc. xiphoideus 
sterni 



Pulmo dexter, 
lobus superior 


A. and v. 
thoracica interna 


Corpus 

sterni 


Recessus 

costomediastinalis 


Ventriculus dexter 


Fissura horizontalis 


Septum 

interventriculare 


Atrium dextrum 


Ventriculus dexter 


V. azygos 


Pleura parietalis 


Pleura visceralis 


Pulmo dexter, 
lobus medius 


Atrium sinistrum 


Fissura obliqua 


Oesophagus 


N. vagus sinister 
(truncus vagalis 
anterior) 


Pulmo sinister, 
lobus superior 


N. phrenicus (between 
pericardium fibrosum 
and pleura parietalis, 
pars mediastinalis) 

Fissura obliqua 

Ductus thoracicus 


Aorta thoracica 


Pulmo dexter, Truncus V. hemiazygos Pulmo sinister, 

lobus inferior sympathicus lobus inferior 


C Inferior view of the mediastinum 

Transverse section at the level of the 8th vertebra thoracis. 

This diagram clearly shows the asymmetrical position of the cor in the 


thorax (see also p. 89). From both sides, the recessus costomediastina¬ 
les extend between the cor and sternum (see p. 175). 
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15.5 Thoracic Organs in situ: 
Posterior Views 


A Posterior view of the 
mediastinum (after Platzer) 

The vertebrae thoracicae have been 
removed, and parts of the posterior 
thoracic wall and left pleura pari¬ 
etalis have been removed, in order 
to display the pulmones. 

Note the course of the ductus tho¬ 
racicus between the aorta thoracica 
and oesophagus. 


Aorta thoracica 

V. hemiazygos 

Aa. intercostales 

Pulmo with 
pleura visceralis 


Diaphragma 
with pleura 
diaphragmatica 




Arcus aortae 


Vertebra Tl 

Oesophagus 



A. bronchialis 
dextra 

Ductus thoracicus 
V. azygos 


Pleura parietalis, 
pars costalis 

Vv. intercostales 

N. vagus (truncus 
vagalis posterior) 


Truncus 
sympathicus 

N. splanchnicus 
major 

Vertebra Ll 


Pulmo with 
pleura visceralis 


N.vagus 
sinister 

A. pulmonalis 
sinistra 

V. pulmonalis 
inferior sinistra 


Pleura parietalis, 
pars mediastinalis 



Ductus 

thoracicus 

Arcus 

aortae 

Rr. 

bronchiales 

Rr. oeso¬ 
phageales 

Bronchus 

prinicpalis 

sinister 

Aorta 

thoracica 


a 


Oesophagus 
V. hemiazygos 


Aorta 

thoracica 

Rr. bronchiales 
nervi vagi 


Pleura parietalis, 
pars mediastinalis 


Pulmo with 
pleura visceralis 



N.vagus 

A. bronchialis 

V. azygos 

Bronchus lobaris 
superior dexter 

Vv. intercostales 


Bronchus lobaris 
inferior dexter 


A. pulmonalis 
dextra 


b 


Aa. inter- Truncus vagalis Ductus 
costales posterior thoracicus 


V. pulmonalis 
dextra 


B Hilum of the pulmo sinister (a) and dexter (b), posterior view (after 
Platzer) 

In order to show the hilum pulmonis sinistri, the aorta at the junction of 
the arcus aortae and aorta thoracica has been retracted laterally in (a). 
In (b), the v. azygos has been retracted laterally to display the hilum pul¬ 
monis dextri. 
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Cartilago 

thyroidea 


Cartilago 

cricoidea 



A. carotis 
communis sinistra 

V. jugularis 
interna 


Arcus aortae 


Bifurcatio tracheae (seen 
through the oesophagus) 


Bronchus principalis 
sinister (seen through the 
oesophagus and aorta) 

A. pulmonalis sinistra 


V. pulmonalis 
superior sinistra 

V. pulmonalis 
inferior sinistra 


Cor, atrium sinistrum 


V. hemiazygos 
accessoria (divided) 

V. hemiazygos 

Cor, ventriculus 
sinister 


Aorta 

descendens 


Lobus hepatis 
sinister 


Termination of v. azygos 
at v. cava superior 

Bronchus principalis 
dexter 



Cor, atrium 
dextrum 


Lobus hepatis 
dexter 


Lig. venae cavae 


C Contents of the mediastinum, posterior view 

The structures in the mediastinum posterius are depicted in this view. 
Note particularly the course of the aorta descendens, the vv. azygos and 
hemiazygos, and the oesophagus, which is posterior to the trachea and 
partially obscures it. (An anterior view of the mediastinum posterius is 
shown on p. 184.) The topographical relations of the aorta change sev- 
eral times along its course. The proximal part of the aorta ascends in the 
mediastinum medium, which is a subdivision of the mediastinum infer¬ 
ius. At that level the aorta lies anterior to the trachea and oesophagus. 


It then ascends into the mediastinum superius, where it curves posteri- 
orly and to the left to form the arcus aortae. This curve lies to the left of 
the oesophagus and trachea, and it arches over the bronchus principalis 
sinister (the aorta “rides” upon that bronchus). In its further course the 
aorta turns back slightly medially and posteriorly and descends behind 
the oesophagus in the mediastinum posterius, where it is closely related 
to the vv. azygos and hemiazygos. Note also the very close proximity of 
the hepar to the right side of the cor. 
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15.6 Cor: 

Cavitas Pericardiaca 


Truncus 

brachiocephalicus 

V. brachio¬ 
cephalica dextra 

Pulmo dexter, 
lobus superior 


N. phrenicus dexter 


V. cava superior 


Aorta ascendens 


Pleura parietalis, 
pars mediastinalis 

Auricula dextra 

Pulmo dexter, 
lobus medius 

Ventriculus dexter 


Pericardium 

fibrosum 


Pleura parietalis, 
pars diaphragmatica 



V. brachio¬ 
cephalica sinistra 

N. vagus sinister 

Arcus aortae 

Lig. arteriosum 

A. pulmonalis 
sinistra 

N. phrenicus sinister 
Truncus pulmonalis 


Auricula sinistra 

A. coronaria sinistra 
(r. interventricularis 
anterior) 


Ventriculus sinister 


Apex cordis 


A The cavitas pericardiaca has been opened 
to display the facies sternocostalis of the 
cor 


B Facies diaphragmatica of the cor (also 
known as posterior wall of the cor) 

After lifting the cor, the facies diaphragmatica 
of the cor and the sinus obliquus pericardii be- 
come visible. 


V. cava 
superior 

Aorta 

ascendens 

Auricula 

sinistra 

Facies 

diaphragmatica 


Sinus coronarius 



N. vagus sinister 

N. phrenicus sinister, 
a. and v. pericardiaco¬ 
phrenica 

Truncus pulmonalis 


Vv. pulmonales 
sinistrae 


Sinus obliquus 
pericardii 

V. pulmonalis 
dextra 


V. cava superior 
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N. laryngeus 
recurrens 

Lig. arteriosum 

Aorta ascendens 

Sinus transversus 
pericardii 

V. cava superior 

Vv. pulmonales dexter 

V. cava inferior 



N. vagus sinister 
Truncus pulmonalis 


N. phrenicus 

Vv. pulmonales 
sinistrae 

Pleura parietalis, 
pars mediastinalis 

Sinus obliquus 
pericardii 

Pericardium fibrosum, 
lamina parietalis 

Pericardium fibrosum 


C Cavitas pericardiaca after the cor has been removed 

Note the location where the lamina parietalis is folded back onto the 
lamina visceralis, and the attachment between the pericardium and dia¬ 
phragma. 


Aorta ascendens 
Aorta ascendens 


Location where lamina 
parietalis is folded back 
onto lamina visceralis 
at origin of arteries 

Location where 
lamina parietalis 
is folded back onto 
lamina visceralis at 
termination of veins 


V. cava inferior 


Sternum 



N. vagus sinister 
N. phrenicus 


Truncus pulmonalis 

Pleura parietalis, 
pars mediastinalis 

Vv. pulmonales 
sinistrae 

Truncus vagalis 
posterior 

Oesophagus 

Truncus vagalis 
anterior 


Attachment between 
pericardium and 
diaphragma 


D Course of the oesophagus along the posterior aspect of the 
atrium sinistrum 

After a window is cut in the pericardium in the area of the sinus obliquus 
pericardii, the oesophagus, which courses in the immediate vicinity, and 
the truncus vagalis anterior become visible. 
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15.7 OverView of the Mediastinum 


Costa I 


A., v., and 
n. intercostalis 

II. brachiocephalici 


N. vagus dexter 


V. azygos 

Truncus 

sympathicus, 

ganglion 

Bronchus 
lobaris superior 

A. pulmonalis 
dextra 

Common trunk of 
bronchi lobares 
and inferior 

Oesophagus 

N. splanchnicus 
major 

Pleura parietalis 


Clavicula 
Plexus brachialis 
A. subclavia 
V. subclavia 


Mm. intercostales 



V. brachiocephalica dextra 


V. brachiocephalica 
sinistra 


Trachea 

V. cava superior 
N. phrenicus dexter 


Thymus 

(retrosternal fat pad) 

Pericardium 

fibrosum 

Vv. pulmonales 
dextrae 

N. phrenicus, 
a. and v. pericar¬ 
diacophrenica 


Diaphragma 


A Mediastinum viewed from the right side 

Parasagittal section. The entire pulmo dexter and most of the wall of 
the cavitas pleuralis have been removed (pleura parietalis, see p. 184) to 
display the structures of the mediastinum posterius adjacent to the ver¬ 
tebrae, most notably the truncus sympathicus, and the v. azygos open- 
ing into the v. cava superior. In the mediastinum medium, the (right) n. 
phrenicus and the (right) a. and v. pericardiacophrenicae are visible on 


the pericardium. The (right) n. vagus is directly visible on the lateral wall 
of the oesophagus. The trachea, which descends in the median plane, is 
largely obscured by other structures; profiles of the bronchi lobares of 
the pulmo dexter can be identified in this view. The thymus, relatively 
prominent here, is large in early postnatal life (see p. 169), but regresses 
in adulthood, eventually replaced in old age by a small retrosternal fat 
pad (involuted thymus). 
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Clavicula 
Plexus brachialis 


A. and v. subclavia 
sinistra 

Oesophagus 


V. intercostalis 
superior sinistra 

N. vagus sinister 

Lig. arteriosum 


N. phrenicus 
sinister 


A. pulmonalis 
sinistra 

Vv. pulmonales 
sinistrae 

Pericardium 

fibrosum 

NI. pericardiacus 
lateralis 

N. vagus sinister 

N. phrencius, a. and 

v. pericardiaco¬ 
phrenica 

Nll. phrencius 
superior 


Diaphragma 



Costa I 

Rr. communicantes 

A., v., and 
n. intercostalis 

Ductus thoracis 

Arcus aortae 


N. laryngeus 
recurrens sinister 

Truncus sympathicus 

V. hemiazygos 
accessoria 


Bronchus principalis 
sinister 


Aorta thoracia 
(pars descendens 
aortae) 


Pleura parietalis 


V. hemiazygos 


Mm. intercostales 


B Mediastinum viewed from the left side 

Parasagittal section. The entire pulmo sinister and most of the pleura 
parietalis ofthe left cavitatis pleuralis have been removed, butthe peri¬ 
cardium remains intact. The left-sided elements of paired mediastinal 
structures (truncus sympathicus, n. vagus, n. phrenicus, a. and v. peri¬ 
cardiacophrenica) can be identified. Visible unpaired structures include 
the v. hemiazygos and the (inconstant) v. hemiazygos accessoria. The 
dominant vessel in this field is the aorta, of which the arcus aortae and 


pars descendens aortae can be seen anterior and lateral to the oesopha¬ 
gus. Both vv. pulmonales sinistrae have been transected near their ter- 
minations in the atrium sinistrum of the cor, again demonstrating the 
close topographical relationship between the atrium sinistrum and oe¬ 
sophagus (retrocardiac space, see p. 102). The trachea is also obscured 
in a left parasagittal section, butthe profile ofthe bronchus principalis 
sinister (surrounded by pulmonary vessels) can be seen clearly (com¬ 
pare with A). 
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15.8 Mediastinum Posterius 


N. vagus dexter 

A. and v. subclavia 

Pleura parietalis, 
pars cervicalis 

Trachea 

Arcus aortae 


A. bronchialis 


Vv. pulmonales 

Truncus 
vagalis posterior 

Truncus 
sympathicus dexter 

Ductus thoracicus 

V. azygos 
V. cava inferior 


Diaphragma 



A. carotis 
communis sinistra 

V. jugularis interna 

N. phrencius 


Truncus 

thyrocervicalis 

Left venous angle 
with termination of 
ductus thoracicus 

A. and v. thoracica 
interna 

N. vagus sinister 

N. laryngeus 
recurrens 

Lig. arteriosum 

A. pulmonalis 
sinistra 


Oesophagus 

V. hemiazygos 

Truncus vagalis 
anterior 

Pleura parietalis, 
pars mediastinalis 

N. phrencius, 
a. and v. 

pericardiacophrencia 

Pericardium 

fibrosum 


A Mediastinum posterius, anterior view 

The cor has been removed, and the oesophagus has been slightly re- 
tracted laterally. The major structures of the mediastinum posterius are 
visible: oesophagus, nn. vagi, pars thoracica aortae, aa. and vv. intercos¬ 
tales, vv. azygos and hemiazygos and truncus sympathicus. 
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Plexus brachialis 

Truncus brachio¬ 
cephalicus 

V. brachio¬ 
cephalica dextra 

Pleura parietalis, 
pars cervicalis 

Trachea, 
pars cervicalis 

V. cava superior 

A. pulmonalis 
dextra 


Vv. pulmonales 
dextrae 

Truncus pulmonalis 


Oesophagus, 
pars thoracica 

Foramen 
venae cavae 

Pleura parietalis, 
pars diaphragmatica 

Diaphragma 


a 



V. jugularis sinistra 

A. subclavia sinistra 

V. subclavia sinistra 

V. brachiocephalica 
sinistra 

Arcus aortae 
Lig. arteriosum 
A. pulmonalis sinistra 

Bronchi lobares 
superior and inferior 

Aorta thoracica 


Pleura parietalis, 
pars mediastinalis 


N. phrencius, 
a. and v. 

pericardiacophrencia 

Pericardium 

fibrosum 


V. cava 
superior 

Aorta 

ascendens 

V. azygos 

b 



Oesophagus 

Trachea 


Vv. brachio¬ 
cephalicae 

Truncus 

pulmonalis 




B Topographical relations (afterAgur) 
a Anterior view; the cor has been removed; 
b-e In the drawings above, structures are 
progressively removed to obtain greater expo- 
sure of the trachea and bronchi: 

b situs similar to a. With all structures intact, 
the trachea can be seen anterior to the oe¬ 
sophagus. The bifurcatio tracheae is cov- 
ered by the arcus aorticus and a. pulmona¬ 
lis; 


c with the v. cava superior and vv. brachioce¬ 
phalicae removed, the bronchus principalis 
dexter is just visible and the v. azygos is 
seen “riding” on the right bronchus lobaris 
superior; 

d the aorta ascendens and much of the arcus 
aortae have been removed, exposing the 
bifurcatio tracheae and aa. pulmonales; 
e with the truncus pulmonalis removed, the 
aorta “rides” upon the bronchus principalis 
sinister. 



Oesophagus 

Trachea 


Bronchus 

principalis 

dexter 

V. azygos 

e 



Arcus aortae 


Bronchus 

principalis 

sinister 

Aorta 

thoracica 
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15.9 Mediastinum Superius 


Gl. thryoidea, 
lobus dexter 


Cartilago 

thyroidea 


N. phrencius 
sinsiter 



V. jugularis interna 
M. scalenus anterior 
M. scalenus anterior 
Trachea 

N. vagus dexter 

Truncus brachio¬ 
cephalicus 

V. brachio¬ 
cephalica dextra 


V. cava 
superior 


N. laryngeus recurrens 

Plexus brachialis 

N. vagus sinister 

A. and v. subclavia 

A. and v. thoracica 
interna 

V. brachio¬ 
cephalica sinistra 


A. pulmonalis 
sinistra 


A. and v. pericardiaco- Thymus Pleura parietalis, 

phrenica, n. phrenicus pars mediastinalis 


Trachea 


N. laryngeus 
recurrens sinister 


V. jugularis 
interna 


V. thyroidea inferior 


V. brachio¬ 
cephalica dextra 


Arcus aortae 
with plexus 
cardiacus 


Pericardium 

fibrosum 


V. brachio¬ 
cephalica sinistra 



Membrana 
suprapleuralis 
(Sibson's fascia) 


N. vagus sinister 

N. laryngeus 
recurrens sinister 

Lig. arteriosum 

N. phrenicus 


A View of the apertura thoracis superior and the mediastinum 
superius 

a The corpus sterni and adjacent ribs have been removed; at the level 
of the apertura thoracis superior, the mediastinum superius borders 
the neck; the actual structures of the mediastinum superius become 


visible only after removal of the manubrium sterni (see b); 
b The mediastinum superius is exposed: the manubrium sterni, and 
the thymus or thymus remnants (retrosternal fat pad) have been re¬ 
moved. 
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V. brachio¬ 
cephalica dextra 


V. brachio¬ 
cephalica dextra 


Trachea 



Manubrium 

sterni 


V. brachio¬ 
cephalica sinistra 


A. carotis 
communis sinistra 


A. subclavia 
sinistra 


Scapula 


B Cross-sectional anatomy of the apertura thoracis superior 

Transverse (axial) CT scan (soft-tissue window) at the level of the aper¬ 
tura thoracis superior (manubrium sterni or T3), inferior view (original 


figure Prof. Dr. med. S. Muller-Hulsbeck, Diagnostic and Interventional 
Radiology/Neuroradiology, Ev.-Luth. Diakonissenanstalt, Flensburg). 



V. brachio¬ 
cephalica dextra 

Trachea 

Oesophagus 


Vertebra Tlll 


Medulla 

spinalis 


Truncus 

brachiocephalicus 


Manubrium 

sterni Clavicula 



V. brachio¬ 
cephalica sinistra 

A. carotis 
communis sinistra 

Costa I 

N. phrenicus 

N. vagus sinister 

A. subclavia 
sinistra 

Costa II 

Truncus 

sympathicus 

Costa III 


C Transverse section at the level of the apertura thoracis superior 

Inferior view. 
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15.10 Arcus Aortae and Apertura Thoracis Superior 


A. carotis 
communis dextra 


A. vertebralis 

A. subclavia 
dextra 

V. subclavia 
dextra 

V. brachio¬ 
cephalica dextra 

Vv. and aa. 
pulmonales 



Truncus brachio¬ 
cephalicus 

A. carotis 
ommunis sinistra 

A. subclavia 
sinistra 
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A Contrast-enhanced MR angiography of 
the vessels near the cor 

The image shows an MR angiogram of the nor- 
mal anatomy of the vessels near the cor (con- 
trast agent administered intravenously via the 
fossa cubitalis). The image was generated us- 
ing the MIP (maximum intensity projection) 
technique. It uses 3D fast gradient echo se- 
quences, measured at the identical location 
before and after administration of contrast 


agent. The subsequent subtraction of images 
generates 3D data, which includes only ves- 
sel information. Using this technique, images 
from a dynamic series (e.g., pulmonary cir- 
culation) can be obtained within a few sec- 
onds (original figure Prof. Dr. med. S. Muller- 
Hulsbeck, Diagnostic and Interventional Ra- 
diology/Neuroradiology, Ev.-Luth. Diakonis- 
senanstalt, Flensburg). 



C Origin of the branches of the arcus 
aortae: common pattern and varia- 
tions (after Lippert and Pabst) 
Anterior view. 
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B Congenital anomalies of the arcus 
aortae: Aberrant arcus aortae (arteria 
lusoria) 

If the right a. subclavia arises as the last vessel 
from the arcus aortae distal to the left a. sub¬ 
clavia and then courses behind the trachea and 


oesophagus it may produce a condition called 
aberrant a. subclavia (arteria lusoria) (see also 
C). Indications for surgery exist only if the pa¬ 
tient presents with clinical symptoms (dyspha¬ 
gia, dyspnea and stridor). 


a Common pattern (70% of cases): The right 
a. subclavia and right a. carotis communis 
arise together from the truncus brachioce¬ 
phalicus, which arises from the arcus aor¬ 
tae; however, the left a. carotis communis 
and left a. subclavia arise directly from the 
arcus aortae. 

b Variationi (13% of cases): The truncus bra¬ 
chiocephalicus (with its two branches, the 
right a. subclavia and the right a. carotis 
communis) and left a. carotis communis 
arise together from the arcus aortae, 
c Variation 2 (9% of cases): In addition to the 
right a. subclavia and right a. carotis com¬ 
munis, the left a. carotis communis also 
arises from the truncus brachiocephalicus, 
d Variation 3 (1 % of cases): There are two 
trunci brachiocephalici: one divides into the 
right a. subclavia and right a. carotis com¬ 
munis, the other divides into the left a. sub¬ 
clavia and left a. carotis communis, 
e Variation 4 (1 % of cases): The right a. sub¬ 
clavia is the last branch to arise from the 
arcus aortae. This is called arteria lusoria 
(from lat. lusorius = play). 
f Variation 5 (1 % of cases): The left a. verte¬ 
bralis arises directly from the arcus aortae. 
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D Topography of the branches of the arcus aortae in the apertura 
thoracis superior 

Anterior view afterthe cervical viscera have been removed. Parts of the 
prevertebral muscles (mm. longus capitis and longus colli) have also 
been removed to display the course of the left a. vertebralis. 
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15.11 Clinical Aspects: 

Coarctation of the Aorta 
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A Definitiori, organization, and epidemiology 

a Preductal aortic isthmus stenosis; b Postductal aortic isthmus ste¬ 
nosis. 

Aortic isthmus stenosis (coarctation of the aorta) is characterized by 
a localized narrowing between the arcus aortae and the aorta descen¬ 
dens (the isthmus aortae). Thus, it is distal to the origin of the left a. 
subclavia, approximately at the level of the lig. arteriosum (the oblit¬ 
erated ductus arteriosus). Corresponding with the topographical rela- 
tion to the lig. arteriosum, the two types are classified as preductal and 
postductal forms: 

• preductal form: the narrowing is proximal to the patent ductus arte¬ 
riosus, and 

• postductal form: the narrowing is distal to the obliterated ductus ar¬ 
teriosus (lig. arteriosum). 

Because preductal coarctation leads to symptoms in the first few years 
of life, it is also called the “infantile form.” The postductal form, which 
usually develops after the child has reached adolescence, is also known 
as the "adult form." A narrowing of the arcus aortae in the isthmus aor¬ 
tae is a relatively common anomaly (5-7 % of all congenital cardiac and 
vascular malformations; boyigirl ratio is 3:1). Because clinical symptoms 
don’t always occur (see B), the clinical presentation is rare. 
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B Pathophysiology and clinical symptoms 

Coarctation of the aorta leads to a characteristic increase in blood pres¬ 
sure (hypertension) in the upper systemic circulation while at the same 
time blood pressure in the lower half of the body drops (hypotension). 
Cardinal signs include the difference in arterial pressure between upper 
and lower limbs (weak or absent femoral pulses) as well as cold feet and 
intermittent claudication caused by insufficient supply of blood. 

• Low blood pressure in the lower body caused by preductal stenosis 
with a patent ductus arteriosus results in a right-to-left shunt accom- 
panied by cyanosis of the lower body and right ventricular loading 
(dyspnea, tachypnea). This condition can lead to a life-threatening 
emergency in infants that requires surgery to correct (resection of 
the stenotic segment and end-to-end anastomosis). 

• Postductal stenosis with an obliterated ductus arteriosus (shown 
here) results in the development of collateral circulation between 
the partes thoracica and abdominalis aortae (via the a. subclavia, a. 
thoracica interna and/or aa. intercostales). Depending on how well- 
functioning the collateral circulation is, patients may experience few 
or no symptoms at all. If patients do suffer from symptoms, the Car¬ 
dinal sign is often treatment-resistant hypertension, which early in 
life is often accompanied by headaches, ringing in the ear, dizziness, 
and nosebleeds. Complications of chronie hypertension in the upper 
body (left ventricular hypertrophy, coronary heart disease, cerebral 
hemorrhage) develop only later in life. 
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a 



b 


C Conventional diagnostic radiology 

a and b Postductal aortic isthmus stenosis in an anterior-posterior pro- 
jection (from Reiser, M. et al.: Radiologie [Duale Reihe], 2. Aufl./Radiol¬ 
ogy, 2nd edition, Thieme, Stuttgart 2006). 

The aorta thoracica shows mild changes in aortic contour. The postste- 
notic aorta descendens is dilated, the arcus aortae is narrowed and the 
outer outline of the aorta shows a visible indentation at the level of the 


stenotic segment (arrow). Rib notching (enlarged detail in b, red arrow- 
heads) refers to bone changes around the sulcus costae caused by dila- 
tion and elongation of the enlarged aa. intercostales. It is typically vis¬ 
ible at the inferior edges of the ribs. 

The extent and localization of the stenosis is best displayed in an angio- 
graphic projection using either MRI or spiral CT including three-dimen- 
sional reconstruction (see p. 154). 



D Interventional therapy of aortic isthmus stenosis 

Unlike surgical treatment of aortic isthmus stenosis in infants, over the 
past few years aortic isthmus stenosis in adults has been increasingly 
treated with minimally invasive, interventional techniques (balloon dila- 
tation and/or stent placement). 


a MR angiography of aortic isthmus stenosis in an adult, with severe 
stenosis and pronounced collaterals; b CT after balloon dilatation 
and placement of a self-expanding nitinol stent; c control CT scan 22 
months after stent placement (from Schneider et al.: Kardiologie up- 
2date 4/2008, DOI 10.1055/s-2007-995625, Thieme, Stuttgart). 
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15.12 Clinical Aspects: 
Aortic Aneurysm 




B Infrarenal aortic aneurysm: Symptoms, diagnosis, and 
treatment 

a Evidence of a saccular infrarenal aortic aneurysm without involve- 
ment of the aa. renales or pelvic arteries, obtained from digital sub- 
traction angiography (DSA). Thrombotic deposits on the wall of the 
aneurysm are visible (Reiser, M. et al.: Radiologie [Duale Reihe], 2. 
Aufl./Radiology, 2nd edition, Thieme, Stuttgart 2006); 
b Schematic representation of a vascular prosthesis for bypassing infra¬ 
renal aortic aneurysms (an aortoiliac bifurcation prosthesis). 


A Definition and classification 

An aneurysm is an abnormal enlargement of an artery, usually caused 
by atherosclerosis. An aneurysm can develop in any artery but usually 
occurs in the infrarenal aorta abdominalis (90% of cases); peripheral an¬ 
eurysms are predominantly found in the aa. popliteae. Aneurysms are 
classified as follows: 

• True aneurysms (a, b): enlargement of the vascular lumen involv- 
ing all layers of the arterial wall with the vascular wall remaining in- 
tact. A morphologic distinction exists between spindle-shaped (fusi- 
form) aneurysms involving the entire circumference of the vascular 
wall and saccular (socciform) aneurysms, which involve only part of 
the circumference. 

• False aneurysms (pseudoaneurysms) (c): a perivascular hema- 
toma, which often develops following perforation of the vascular wall 
(e.g., arterial puncture) or at anastomotic sites after vascular surgery. 
If the vessel fails to occlude, blood escapes into the perivascular con¬ 
nective tissue leading to the formation of an aneurysmal cavity lined 
with thrombotic material. 

• Dissecting aneurysms (d): a tear of the tunica intima/media and 
subsequent dilatation of the tunica media/adventitia leads to the for¬ 
mation of a second “false” lumen in the vascular wall. This leads to 
development of a vessel with two channels, one non-perfused and 
the other perfused. Depending on the location of the intimal tear, 
also known as the entry site, the entire aorta or only the aorta ab¬ 
dominalis can be affected. As the disease progresses, external perfo¬ 
ration (rupture with subsequent bleeding) or perforation of the dis- 
sected membrane back into the perfused lumen (called re-entry) can 
occur, see C. 


Symptoms: abdominal aneurysms cause symptoms when the enlarged 
vessel compresses other structures (neighboring vertebrae) or organs 
(ureter, nerves, etc.) (Symptoms are typically thoracic or abdominal 
pain as well as back pain radiating in a belt-like fashion). Parietal throm¬ 
boses can lead to embolisms with acute peripheral ischemia. However, 
a ruptured aneurysm manifests itself as constant severe pain (acute ab¬ 
dominal) and signs of shock. 

Note: A ruptured aortic aneurysm is a severe and acute life-threatening 
emergency. Only immediate surgery can save the patienfs life (surgical 
death rate between 30 and 50%). 

Diagnosis: Most aortic aneurysms are diagnosed with the help of ultra- 
sound examinations. This least invasive technique usually ensures a reli- 
able assessment regarding localization and extent of the aneurysm. CT 
examination with contrast media is the preferred technique when as- 
sessing the size (relative to the perfused lumen and wall thrombosis) 
and relative anatomical positions of thoracic and abdominal aneurysms. 
Transarterial digital subtraction angiography (usually DSA) provides in- 
formation about the vascular branches, particularly the aa. renales. 

Treatment: The indication for treatment is based on the risk of rupture. 
Characteristic symptoms, distinet patterns of asymmetry (as shown 
here) as well as a diameter of more than 5 cm and rapid growth (more 
than 1 cm per year), are considered an absolute indication for surgery. 
The surgical procedure consists of resection of the aortic aneurysm and 
graft replacement. Nowadays, interventional therapy is often used to 
treat infrarenal aortic aneurysms. Using a femoral approach a catheter 
is placed into the aorta. With the help of the catheter a covered, fixed 
plastic prosthetic stent is positioned (endoluminal stent placement). 
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C Aortic dissection: Classification based on anatomical location 

a Aortic dissections can be classified according to anatomical location 
in the Stanford or DeBakey Systems. The most common is the Stan¬ 
ford classification, which is based on the location of the entry site of 
the dissection: 

• Dissections involving the pars ascendens aortae (Stanford type A, 
approximately 80% of cases) 

• Dissections involving the pars descendens aortae (Stanford type 
B, approximately 20 % of cases). 

The DeBakey classification further differentiates Stanford type A: 

• DeBakey type I (involves the whole aorta) and 

• DeBakey type II (involves the pars ascendens aortae); 

• DeBakey type III equals Stanford type B (dissection involves the 
pars descendens aortae). 

b Axial computed tomography (inferior view) of an aortic dissection 
type I according to DeBakey (Stanford type A) demonstrating the 
partes ascendens (white arrow) and descendens (open arrow) aor¬ 
tae: Delayed filling of the false lumen shows up as a lower density 
than the true lumen (from: Reiser, M. et al.: Radiologie [Duale Reihe], 
2. Aufl./Radiology, 2nd edition, Thieme, Stuttgart 2006). 



D Pathophysiology of aortic dissection 

a Aortic dissection with intimal tear and false lumen; b Aortic dissec¬ 
tion with intimal tear and rupture through outside wall; c Aortic dissec¬ 
tion with intimal tear (entry) and re-entry tear. 

In a classic aortic dissection (incidence of 2.6-3.5/100,000 population), 
arterial hypertension initially leads to degenerative changes in the lay- 
ers of the aortic wall, which results in an intimal tear and a partial me¬ 
dia tear. The aortic wall splits producing false and true lumens, which 
are separated by the dissection membrane. Depending on the loca¬ 
tion of the initial intimal tear, the whole aorta (intimal tear at the level 
of the pars thoracica aortae) or only the pars abdominalis aortae is in- 
volved. Protrusion of the dissection membrane may lead to secondary 
occlusion of visceral branches resulting in ischemic syndromes. As the 
disease progresses, a perforation through the outside wall of the aorta 
(rupture and hemorrhage) or back into the true lumen (prognostically 
beneficial re-entry) may occur. 
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Abdomen and Pelvis 


16. Structure ofthe Cavitas Abdominis and Cavitas Pelvis: OverView 


16.1 Architecture, Wall Structure, and Functional Aspects 



A Architecture and wall structure ofthe cavitas abdominis and 
cavitas pelvis 

Whereas the cavitas thoracica and cavitas abdominis are separated by 
the diaphragma, the cavitas abdominis and cavitas pelvis are continu- 
ous with each other. They are divided topographically by the linea ter¬ 
minalis. Thus, they form a single functional unit (see p. 3). Bones (co¬ 
lumna vertebralis, cavea thoracis, and pelvis) as well as muscles (dia¬ 
phragma, abdominal wall, and diaphragma pelvis muscles) along with 
their fasciae and aponeuroses form the walls of this space. It is bounded 
by the following structures: 

• Superiorly (see Ca): diaphragma with right and left domes and cen¬ 
trum tendineum 

• Inferiorly (see Cb): bony pelvis, muscles ofthe pelvic wall (m. iliacus, 
m. obturator internus, m. piriformis, and m. coccygeus), and mm. 
diaphragmatis pelvis (mainly the m. levator ani forming most of the 
diaphragma pelvis) 

• Posteriorly (see Cc): lumbar columna vertebralis, deep muscles ofthe 
abdominal wall (m. quadratus lumborum and m. psoas major), and 
mm. dorsi proprii 

• Anteriorly and laterally (see Cd): anterior and lateral muscles ofthe 
abdominal wall together with their aponeuroses (m. rectus abdomi¬ 
nis and m. transversus abdominis as well as mm. obliqui internus and 
externus abdominis) 


a 



Abdominal 
press = 

pressureincrease 



Diaphragma 


Vertebrae 

lumbales 


Diaphragma 

pelvis 


B Functional aspects of abdominal and pelvic wall structure: 
Abdominal press 

Abdominal press is made possible by the structure of the abdominal 
and pelvic walls, which plays an important role in their elastic proper- 
ties. “Abdominal press” describes the voluntary contraction ofthe dia¬ 
phragma, and abdominal and pelvic muscles. When the muscles con- 
tract they reduce the volume of the cavitas abdominis thereby signif- 
icantly raising the intra-abdominal pressure: pressure in the standing 
position is approximately 1.7 kPa (2.75 mmHg), when lying down it is 
approximately 0.2 kPa (1.5 mmHg), and under strain including cough- 
ing or squeezing it is 10-20 kPa (75-150 mmHg). 

Abdominal press is important in 

• Emptying of the rectum (defecation), of the bladder (micturition), 
and ofthe stomach (vomiting), 

• Uterine contractions during the expulsive phase of labor (“expulsive 
pains”), 

• Stabilizing the columna vertebralis (mainly the lumbar spine) and the 
trunk (the wall stiffens like the wall of an inflated ball), for example 


when lifting heavy loads, but also in the standing posture (hydro- 
static effect of abdominal press). 

Hernias occur when the pressure load is greater than the strength of 
the complex myofascial network. They develop either in the anterior ab¬ 
dominal wall or more commonly in the groin region because the weight 
of the pelvic and abdominal organs puts increasing strain on the wall 
structures, which increases from superior to inferior. Additionally, the 
diaphragma pelvis muscles in particular are much less able to withstand 
the increased abdominal pressure than the abdominal wall muscles or 
the diaphragma. During abdominal press, closure ofthe glottis and the 
retaining of air in the lungs gives support to the diaphragma; there is no 
such compensatory mechanism in the diaphragma pelvis muscles mak- 
ing it a characteristic weak spot. After excessive stretching (e.g., caused 
by vaginal delivery) the diaphragma pelvis is unable to maintain the pel¬ 
vic organs in their normal position (pelvic floor descent) and provides 
inadequate support for the abdominal press. The results are urinary and 
fecal incontinence. 
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Abdomen and Pelvis 


16. Structure ofthe Cavitas Abdominis and Cavitas Pelvis: OverView 
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c Posterior boundary. 


C Boundaries of the cavitas abdominis and 
cavitas pelvis 

a Diaphragma, inferior view; b Diaphragma 
pelvis, superior view; c (d) Anterior (posterior) 
view of the posterior (anterior) trunk wall. 
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Abdomen and Pelvis 


16. Structure ofthe Cavitas Abdominis and Cavitas Pelvis: OverView 


16.2 Divisions of the Cavitas Abdominis and Cavitas Pelvis 
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A Midsagittal section through the abdomen and pelvis, viewed from the left side 
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Abdomen and Pelvis 


16. Structure ofthe Cavitas Abdominis and Cavitas Pelvis: OverView 
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B Divisions of the cavitas abdominis and cavitas pelvis 

Each column of diagrams shows a midsagittal section viewed from the 
left side, as well as two axial sections, one at the L1 level and the other 
at the lower part ofthe os sacrum, both viewed from below. 

a-c Topography of body cavities: cavitas abdominis and cavitas pelvis 
(imaginary line separating the two cavities is the linea terminalis); 


d-f Serous cavities (peritoneal spaces): abdominal cavitas peritonealis 
and pelvic cavitas peritonealis; 

g-i Connective tissue spaces (spatia extraperitonealia): spatium retro¬ 
peritoneale and spatium subperitoneale; serous cavities and spatia 
extraperitonealia are separated by peritoneum (see p. 201). 
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Abdomen and Pelvis 


16. Structure ofthe Cavitas Abdominis and Cavitas Pelvis: OverView 


16.3 Classification of Internal Organs Based on their Relationship 
to the Cavitas Abdominis and Cavitas Pelvis 

The organs of the abdomen and pelvis can be classified according to 
various topographical criteria: 

• By layers in the anteroposterior direction (A) 

• By levels in the craniocaudal direction (B) 

• As intra- or extraperitoneal based on their peritoneal investment 
(C, D) 
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A Classification ofthe abdominal and pelvic organs by layers 

The abdominal and pelvic organs can be roughly divided into three lay¬ 
ers in the anteroposterior direction. This classification is particularly 
useful from a surgical standpoint. 

Note: Larger organs may occupy more than one layer (see p. 198). 

a Anterior layer: hepar, gaster, colon transversum, jejunum, ileum, and 
vesica urinaria (for clarity not shown here, but shown with the other 
urinary organs in c); 


b Middle layer: hepar, duodenum, pancreas, splen, colon ascendens 
and descendens, and uterus (not shown for clarity, extends into the 
anterior layer); 

c Posterior layer: great vessels, renes, ureteres, and gll. suprarenales 
(for clarity, the vesica urinaria is shown in its relationship to the other 
urinary organs, see a). 


B Classification ofthe abdominal and 
pelvic organs by levels 

In this classification the organs are roughly as- 
signed to craniocaudal levels based on their 
relationship to the mesocolon transversum 
(upper and lower abdominal organs) and pel¬ 
vis minor (pelvic organs). Because the kidneys 
and gll. suprarenales are retroperitoneal, they 
are not listed in the table. When the kidney is 
projected onto the abdominal wall, its inferior 
pole extends into the lower abdomen. 


Level 

Organs located there 

• Upper abdomen 

(above the mesocolon 
transversum) 

• Gaster 

• Duodenum 

• Hepar 

• Vesica biliaris and biliary tract 

• Splen 

• Pancreas 

• Lower abdomen 

(between the 
mesocolon transversum 
and apertura pelvis 
superior) 

• Jejunum and ileum 

• Caecum and parts ofthe colon 

Note: The colon transversum, while located in the upper abdomen, 
is classified functionally as part ofthe lower abdomen. 

• Pelvis minor 

• Vesica biliaris 

• Terminal portion of ureter 

• Rectum 

• Uterus, tuba uterina, ovarium, and vagina 

• Portions ofthe ductus deferens, prostata, and gl. vesiculosa (the 
testis and epididymis are outside the cavitas pelvis) 
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Abdomen and Pelvis 


16. Structure ofthe Cavitas Abdominis and Cavitas Pelvis: OverView 
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C Location of intraperitoneal and 

extraperitoneal organs in the abdomen 
and pelvis 

Midsagittal section (renes outside the sec- 
tional plane) viewed from the left side. 

The cavitas peritonealis is a closed cavity that 
is lined by peritoneum and surrounded on all 
sides by the spatium extraperitoneale. Later- 
ally, anteriorly, and superiorly, the spatium ex¬ 
traperitoneale appears like a very narrow siit 
(see p. 199). Only its posterior portion (spa¬ 
tium retroperitoneale) and inferior portion 
(spatium extraperitoneale of the pelvis) are 
true spaces that contain organs. Because peri¬ 
toneum covers the organs (peritoneum vis¬ 
cerale) and walls (peritoneum parietale), the 
intraperitoneal organs can easily glide upon 
one another. The extraperitoneal organs, such 
as the vesica urinaria or rectum are not, or are 
only partially, covered by peritoneum. The ve¬ 
sica urinaria is covered by peritoneum only on 
one side (on its superior surface), which en- 
ables it to expand upward as it becomes dis- 
tended with urine. This part of the perito¬ 
neum, which in females also covers large parts 
ofthe uterus, is known as peritoneum urogen¬ 
itale. 

The mesenterium is a band of connective tis- 
sue (a suspensory ligament also referred to as 
“meso”), which is also covered by peritoneum- 
by peritoneum parietale near where the mes¬ 
enterium is attached to the body wall and by 
peritoneum viscerale near where it is attached 
to the organs. The mesenterium contains the 
neurovascular structures of the intraperito¬ 
neal organs that are “suspended” from it. This 
suspensory ligament allows the intraperito¬ 


neal organs to have greater mobility than ex¬ 
traperitoneal organs, which are embedded in 
the connective tissue of the wall of the cavi¬ 
tas peritonealis, either primarily because they 


were retroperitoneal when they formed or sec- 
ondarily because they “migrated” behind the 
peritoneum during the course of embryonic 
development (see D and p. 37). 


D Intra- and extraperitoneal organs ofthe abdomen and pelvis 


Location in relation to the peritoneum 
Intraperitoneal 

(Organs are completely covered by peritoneum and are suspended by 
mesenterium) 

• In the abdominal cavitas peritonealis 


• In the pelvic cavitas peritonealis 


Organs 


• Gaster, splen, hepar and vesica biliaris, intestinum tenue (parts ofthe 
partes superior and ascendens of the duodenum plus jejunum and 
ileum), colon transversum and sigmoideum, caecum (portions of vari- 
able size may be extraperitoneal, see below) 

• Fundus and corpus uteri, the ovaria, and the tubae uterinae and possi- 
bly the superior portion ofthe rectum 


Extraperitoneal 

(Organs without a mesenterium; their neurovascular structures are located 
in the extraperitoneal connective tissue) 


Primarily extraperitoneal (extraperitoneal from the outset) 

• Behind the abdominal or pelvic cavitas peritonealis, thus retroperitoneal 

• Below the pelvic cavitas peritonealis, thus infra- or subperitoneal 

Secondarily extraperitoneal (become extraperitoneal during the course of 
embryonic development; the organs are covered by peritoneum anteriorly) 

• Behind the abdominal or pelvic cavitates peritoneales, thus retroperito¬ 
neal 


Renes, gll. suprarenales, ureteres 

Vesica urinaria, prostata, vesicula seminalis, cervix uteri, vagina, and 
rectum past the flexura sacralis (the vesica urinaria is covered by perito¬ 
neum superiorly [peritoneum urogenitale]) 

Intestinum tenue (duodenum: partes descendens, horizontalis, and part 
ofthe pars ascendens), pancreas, colon ascendens and descendens, 
parts ofthe caecum (see above), rectum up to the flexura sacralis 
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17.1 Branches of the Aorta Abdominalis: 
OverView and Paired Branches 


V. cava inferior 


A. phrenica 
inferior dextra 


Truncus 

coeliacus 

A. mesenterica 
superior 


Aorta abdominalis 

A. mesenterica 
inferior 

A. iliaca 
communis dextra 

A. iliolumbalis 
dextra 

A. sacralis 
lateralis dextra 

A. iliaca 
interna dextra 

A. iliaca 
externa dextra 

A. umbilicalis 
dextra 

A. obturatoria 
dextra 

A. vesicalis 
inferior dextra 

A. circumflexa 
ilium profunda 
dextra 

A. epigastrica 
inferior dextra 



Oesophagus 

Aa. suprarenales 

superiores 

sinistrae 

A. phrenica 
inferior sinistra 

A. suprarenalis 
media sinistra 

A. suprarenalis 
inferior sinistra 

A. renalis sinistra 

A. lumbalis 
sinistra 


A. ovarica 
sinistra 


A. sacralis 
mediana 


A. glutea 
superior 
sinistra 

Plexus 

sacralis 


A. femoralis 


A. glutea 
inferior dextra 


R. pubicus of the 
a. obturatoria dextra 


A.pudenda 
interna dextra 


A OverView of the aorta abdominalis and pelvic arteries 
(abdominal organs removed) 

Anterior view (female pelvis). The oesophagus has been pulled slightly 
inferiorly, and the peritoneum has been completely removed. 

The aorta abdominalis is the distal continuation of the aorta thoracica. 
It descends slightly to the left of the midline to approximately the level 


of the L4 vertebra, as shown in B (or possibly to the L 5 vertebra in older 
individuals). There it divides into the paired aa. iliacae communes (bifur¬ 
catio aortae). The aa. iliacae communes divide further into the aa. ilia¬ 
cae internae and externae. The aorta abdominalis (see C) and its major 
branches give origin to various “subbranches” that supply the abdomen 
and pelvis (see D). 
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Truncus coeliacus 
(TXII) 

Aa. renales 
(LI/LII) 

A. iliaca 

communis sinistra 


A. phrenica 
dextra 


Truncus 

coeliacus 


A. phrenica 
sinistra 


A. suprarenalis 
superior dextra 

A. hepatica communis 

A. gastrica dextra 

A. hepatica propria 

A. gastroduodenalis 

A. mesenterica 
superior 


A. mesenterica 
inferior 


A. iliaca 
communis dextra 



A. sacralis mediana 


C Sequence of branches from the aorta abdominalis 


B Projection of the aorta abdominalis and 
its major branches onto the columna 
vertebralis and pelvis 

Anterior view of the five major arterial trunks. 
The major branches of the aorta abdominalis 
can be identified in imaging studies based on 
their relationship to the vertebrae. 


D Functional groups of arteries that supply 
the abdomen and pelvis 

The branches of the aorta abdominalis and 
pelvic arteries can be divided into five broad 
functional groups (-> = give rise to). For de- 
tails about the areas supplied by the unpaired 
branches see p. 205. 


A. suprarenalis 

Paired branches (and one unpaired branch) 
that supply the diaphragma, renes, gll. su¬ 
prarenales, posterior abdominal wall, co¬ 
lumna vertebralis, and gonadae (see C) 

• Aa. phrenicae inferiores dextra and sinistra 

superior sinistra 


-> Aa. suprarenales superiores dextra 

A. gastrica sinistra 

and sinistra 

A. splenica 

• Aa. suprarenales mediae dextra and 
sinistra 

A. suprarenalis 

• Aa. renales dextra and sinistra 

media sinistra 

-> Aa. suprarenales inferiores dextra 

A. suprarenalis 
inferior sinistra 

sinistra 

• Aa. testiculares (ovaricae) dextra and 


sinistra 

A. renalis sinistra 

• Aa. lumbales dextrae and sinistrae (first 


through fourth) 

A. lumbalis 

• A. sacralis mediana (with lowest aa. 

sinistra 1 

lumbales) 


One unpaired trunk that supplies the 

A. testicularis/ 

hepar, vesica biliaris, pancreas, splen, 

ovarica sinistra 

gaster, and duodenum (see C, pp. 205 and 

257) 


• Truncus coeliacus with 


- A. gastrica sinistra 

A. lumbalis 

- A. splenica 

sinistra IV 

- A. hepatica communis 

A. iliaca 

communis sinistra 

One unpaired trunk that supplies the 
intestinum tenue and intestinum crassum 
as far as the flexura coli sinistra (see C, pp. 

205 and 261) 



• A. mesenterica superior 


One unpaired trunk that supplies the 
intestinum crassum from the flexura coli 
sinistra (see C, p. 205) 


• A. mesenterica inferior 


One indirect (see below) paired trunk that 
supplies the pelvis (see A, p. 205) 


A. iliaca interna (from the a. iliaca 
communis, not directly from the aorta, 
hence an “indirect paired trunk”) 
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17.2 Branches of the Aorta Abdominalis: 

Unpaired and Indirect Paired Branches 


A. cystica 


Aorta 

abdominalis 


A. hepatica 


Rr. oeso¬ 
phageales 


A. hepatica 
propria, r. dexter 


A. gastrica 
sinistra 


Truncus 

coeliacus 


A. hepatica 
propria 


Rr. pancreatici 


A. gastro¬ 
duodenalis 


A. supra¬ 
duodenalis 


A. renalis 
dextra 


A. pancreatico¬ 
duodenalis 
psterior 


Rr. duodenales 



A. renalis 
sinistra 


Riolan 

anastomosis 


Drummond 

anastomosis 


Aa. sigmoideae 


A Classiflcation of arteries supplying the 
abdomen and pelvis 


A. rectalis 
superior 
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B Right a. iliaca communis with subbranches 

The bifurcatio aortae is the point where the aorta abdominalis bifur- 
cates into the two aa. iliacae communes, which give off multiple sub¬ 
branches that supply the viscera and pelvic walls (see D). 


Hepar 
Splen 
Gaster 
Duodenum 
Vesica biliaris 
Pancreas 


Pancreas 
Duodenum 
Jejunum 
Ileum 
Caecum 
Colon ascendens 
and transversum 


Colon ascendens 
and transversum 
Colon sigmoideum 
Rectum 



Truncus coeliacus 


A. mesenterica 
superior 

A. colica media 


A. colica sinistra 


A. mesenterica 
inferior 

A. rectalis 
superior 

A. rectalis media/ 
inferior 

A. iliaca interna 


C Abdominal arterial anastomoses 

1 Between the truncus coeliacus and a. mesenterica superior via the 
aa. pancreaticoduodenales 

2 Between the aa. mesentericae superior and inferior (aa. colicae me¬ 
dia and sinistra; Riolan and Drummond anastomoses, see A) 

3 Between the a. mesenterica inferior and a. iliaca interna (a. rectalis 
superior and a. rectalis media or inferior) 

These anastomoses are important in that they can function as collater- 
als, delivering blood to intestinal areas that have been deprived of their 
normal blood supply. 


D Classification of the arteries supplying the abdomen and pelvis 

The branches of the pars abdominalis aortae and the pelvic arteries can 
be divided into the five major areas they supply. For details about the 
area supplied by the paired branches see p. 203. 

Note the anastomoses particularly between the unpaired trunks (see 
Fig. A and C). 


One unpaired trunk that supplies the hepar, vesica biliaris, pancreas, 
splen, gaster, and duodenum (see A) 

• Truncus coeliacus with 


- A. gastrica sinister 

Rr. oesophageales 

- A. splenica 

-»A. gastroomentalis sinistra 
-> Rr. pancreatici 
-> A. caudae pancreatis 
-> A. pancreatica magna 
-* A. pancreatica dorsalis 
-* A. pancreatica inferior 
-»A. pancreatica transversa 

- A. hepatica 

A. hepatica propria 

communis 

-> A. cystica 


-> A. gastrica dextra 
-> A. gastroduodenalis 


-» A. supraduodenalis (inconstant 
branch of a. gastroduodenalis) 

-* A. gastroomentalis dextra 
-> Rr. duodenales 
-> Aa. retroduodenales 
-> A. pancreaticoduodenales 


superiores anterior and posterior 

One unpaired trunk that supplies the intestinum tenue and 
intestinum crassum as far as the flexura coli sinistra (see A) 

• A. mesenterica 

-> A. pancreaticoduodenalis inferior 

superior 

-> Aa. jejunales 
-> Aa. ileales 

-> A. ileocolica 
-> A. colica dextra 
-> A. colica media 

One unpaired trunk that supplies the intestinum crassum from the 

flexura coli sinistra (see A) 


• A. mesenterica 

-> A. colica sinistra 

inferior 

-> Aa. sigmoideae 
-> A. rectalis superior 

One indirect (see below) paired trunk that supplies the pelvis (see B) 

• A. iliaca interna (from the a. iliaca communis, not directly from 

the aorta, hence an “indirect paired trunk”) with branches that 

supply 

-> A. umbilicalis 


-> Aa. vesicales superiores 


-> A. vesicalis inferior 
-> uterina (A. ductus deferentis 
-> A. rectalis media 


-> A. pudenda interna 

The pelvic walls (parietal branches) 


-> A. iliolumbalis 
-> Aa. sacrales laterales 
-> A. obturatoria 

-> Aa. gluteae superior and inferior 
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17.3 Inferior Vena Caval System 


Vv. hepaticae 

V. phrenica 
inferior dextra 

V. cava inferior 


V. iliaca 
interna sinistra 

V. glutea 
superior dextra 

V. obturatoria 
dextra 

V. rectalis 
media dextra 

A. and v. 

epigastrica 
inferior dextra 

V. pudenda 
interna dextra 

V. glutea 
inferior dextra 

V. uterina dextra 

V. vesicalis 
inferior dextra 


V. suprarenalis 
dextra 

A. mesenterica 
superior 

V. renalis dextra 

A. ovarica dextra 

V. ovarica dextra 

Aorta abdominalis 

A. mesenterica 
inferior 

A. iliaca 
communis dextra 

V. sacralis 
lateralis dextra 



V. phrenica 
inferior sinistra 

Oesophagus 


Truncus coeliacus 

V. suprarenalis 
sinistra 

V. renalis sinistra 

V. ovarica sinistra 

V. lumbalis 
sinistra II 

V. lumbalis 
ascendens sinistra 

V. lumbalis 
sinistra III 

A. iliaca 

communis sinistra 

A. and v. circumflexa 
ilium profunda 

Ureter 


A. and v. sacralis 
mediana 


V. iliaca 

externa sinistra 


Rectum 

Plexus venosus 
rectalis 

Plexus venosus 
uterinus 

Plexus venosus 
vesicalis 


V. femoralis 


Vagina 


Urethra 


A Tributaries of the vena cava inferior in the posterior abdomen 
and pelvis 

Anterior view of an opened female abdomen. AII organs but the left ren 
and gl. suprarenalis have been removed, and the oesophagus has been 
pulled slightly inferiorly. 

The v. cava inferior receives numerous tributaries that return venous 
blood from the abdomen and pelvis (and, of course, from the lower 
limbs), analogous to the distribution of the paired abdominal aortic 
branches in this region. The v. cava inferior is formed by the union of the 
two vv. iliacae communes at the approximate level of the L5 vertebra 


(see C), behind and slightly inferior to the bifurcatio aortae. 

Note the special location of the left v. renalis and its risk of compression 
by the a. mesenterica superior (see p. 261): The left v. renalis passes in 
front of the aorta abdominalis but behind the a. mesenterica superior. 
Veins in the male pelvis are described on p. 339. 

The veins in the pelvis have numerous variants. For example, the tribu¬ 
taries of the v. iliaca interna are frequently multiple (uniike those shown 
above) but unite to form a single trunk before entering the v. iliaca (see 
also p. 341). 
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B Tributaries of the vena cava inferior 

The difference in the venous drainage of the right and left renes is dis- 
played more clearly here than in A. The continuity of the right v. lumba¬ 
lis ascendens with the v. azygos is also shown. 

Direct tributaries return venous blood directly to the v. cava inferior 
without passing through an intervening capillary bed. Direct tributaries 
drain the following organs: 

• The diaphragma, abdominal wall, renes, gll. suprarenales, testes/ 
ovaria, and hepar 

• For the pelvis (via the v. iliaca communis) from the pelvic wall and 
floor, uterus, tubae uterinae, vesica urinaria, ureteres, accessory sex 
glands, lower rectum, and lower limb. 

Indirect tributaries return blood that has passed through the capillary 
bed of the hepar via the hepatic portal system (see p. 209). The follow¬ 
ing organs have indirect tributaries: 

• The splen 

• The organs of the digestive tract: pancreas, duodenum, jejunum, il¬ 
eum, caecum, colon, and upper rectum 

Note: Venous blood from the v. cava inferior may drain through the vv. 
lumbales ascendentes into the v. azygos or hemiazygos and thence to 
the v. cava superior. Thus a connection between the two vv. cavae exists 
on the posterior wall of the abdomen and thorax: a cavocaval or interca- 
val anastomosis. The location and significance of cavocaval anastomo¬ 
ses are discussed on p. 210. Frequently an anastomosis exists between 
the v. suprarenalis and v. phrenica inferior (not shown here, see A) on 
the left side of the body. 


C Projectiori of the vena cava inferior onto the columna vertebralis 

The v. cava inferior ascends on the right side of the aorta abdominalis 
and pierces the diaphragma at the foramen venae cavae located at the 
T8 level. The vv. iliacae communes unite at the L5 level to form the v. 
cava inferior (see also A). 


D Direct tributaries of the vena cava inferior 

• Right and left vv. phrenicae inferiores 

• Vv. hepaticae 

• V. suprarenalis dextra 

• Right and leftvv. renales at the L1/L2 level (the v. testicularis/ovarica 
sinistra and v. suprarenalis sinistra terminate in the left v. renalis) 

• Vv. lumbales 

• V. testicularis/ovarica dextra 

• Vv. iliacae communes (L5 level) 

• V. sacralis mediana (often terminates in the left v. iliaca communis) 
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17.4 Portal Venous System (Vena Portae Hepatis) 




L4 


B Projection of the vena portae hepatis and its two major tributar- 
ies onto the columna vertebralis 

The v. portae hepatis is formed by the union of the v. mesenterica supe¬ 
rior and v. splenica tothe rightofthe midline at the L1 level. The v. mes¬ 
enterica inferior typically opens into the splenie vein, also conveying its 
blood to the v. mesenterica inferior via this route. 

Note the relationship of the v. portae hepatis to the hepar, gaster, and 
pancreas. 


A The portal venous system in the abdomen 

The arterial blood supply and venous drainage of the abdominal and 
pelvic organs differ in their functional organization: While they derive 
their arterial blood supply entirely from the aorta abdominalis or one of 
its major branches, venous drainage is accomplished by one of two dif¬ 
ferent venous Systems: 

1. Organ veins that drain directly or indirectly (via the vv. iliacae) into 
the v. cava inferior, which then returns the blood to the right heart 
(see also p. 206); 

2. Organ veins that first drain directly or indirectly (via the vv. mesen¬ 
tericae or v. splenica) into the v. portae hepatis— and thus to the he¬ 
par—before the blood enters the v. cava inferior and returns to the 
right cor. 

The first pathway serves the urinary organs, gll. suprarenales, genital 
organs, and the walls of the abdomen and pelvis. The second pathway 
serves the organs of the digestive system (hollow organs of the gastro- 
intestinal tract, pancreas, vesica biliaris) and the splen (see D). Only the 
lower portions of the rectum are exempt from this pathway and drain 
directly through the vv. iliacae to the v. cava inferior. This (re)routing of 
venous blood through the hepatic portal system ensures that the or¬ 
gans of the digestive tract deliver their nutrient-rich blood to the hepar 
for metabolic processing before it is returned to the cor. It also provides 
a route by which elements of degenerated red blood cells can be con- 
veyed from the splen to the hepar. Thus, the v. portae hepatis functions 
to deliver blood to the hepar to support metabolism. This contrasts with 
the a. hepatica propria, which supplies the hepar with oxygen and other 
nutrients. Anastomoses may develop between the portal venous sys¬ 
tem and vena caval system (portacaval anastomosis) and function as 
collateral pathways in certain diseases (see p. 210). 


C Tributaries of the vena portae hepatis 

• Vena mesenterica superior (see p. 268) with its tributaries: 

- Vv. pancreaticoduodenales 

- Vv. pancreaticae 

- V. gastroomentalis dextra 

- Vv. jejunales 

- Vv. ileales 

- V. ileocolica 

- V. colica dextra 

- V. colica media 

• Vena mesenterica inferior (see p. 269) with its tributaries: 

- V. colica sinistra 

- Vv. sigmoideae 

- V. rectalis superior 

• Vena splenica (see p. 267) with its tributaries: 

- V. gastroomentalis sinistra 

- Vv. pancreaticae 

- Vv. gastricae breves 

• Direct tributaries (see p. 267) 

- V. cystica 

- V. gastrica sinistra with vv. oesophageales 

- V. gastrica dextra 

- V. pancreaticoduodenalis superior posterior 

- V. prepylorica 

- Vv. paraumbilicales 
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V. gastrica sinistra V. gastrica V. gastricae 

with vv. oesphageales dextra breves 



D Distributiori of the vena portae hepatis (see also C) 

The v. portae hepatis is a short vessel (total length 6-12 cm) with a 
large caliber. On entering the hepar, it divides into two main branches, 
one for each of the lobi hepatis. The region drained by the v. portae 
hepatis corresponds to the region supplied by the truncus coeliacus 
and the aa. mesentericae superior and inferior. The v. portae hepatis 


receives venous blood from the hollow organs of the gastrointestinal 
tract (excluding the lower rectum) and from the pancreas, vesica bili¬ 
aris, and splen. Some of this blood flows directly to the v. portae hepa¬ 
tis through the corresponding organ veins, and the rest reaches the vv. 
portae hepatis indirectly by way of the vv. mesentericae or v. splenica. 
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17.5 Venous Anastomoses in the Abdomen and Pelvis 


V. subclavia 
V. axillaris 


V. thoracoepigastrica 
V. thoracica lateralis 

V. thoracica interna 

V. epigastrica superior 
Vv. periumbilicales 
Umbilicus 

V. circumflexa ilium 
superficialis 

V. epigastrica superficialis 
V. epigastrica inferior 

V. iliaca externa 

V. femoralis 



V. brachiocephalica 
sinistra 

V. hemiazygos accessoria 
V. cava superior 
V. azygos 
V. hemiazygos 

V. lumbalis 
ascendens dextra 

V. lumbalis 
ascendens sinistra 

Vv. lumbales 


V. cava inferior 


A Cavocaval (intercaval) anastomoses 

Large venous anastomoses are present between the vv. cavae inferior 
and superior on the anterior and posterior trunk walls. Known as ca¬ 
vocaval or intercaval anastomoses, they provide coi latera I pathways for 
returning venous blood to the v. cava superior and right cor in patients 
with outflow obstructions affecting the v. cava inferior in the abdomen 
or the vv. iliacae communes in the pelvis. Veins of the chest wall form 
the cranial portion of this collateral network. The veins of the anterior 
abdominal wall provide both a superficial pathway (anterior to the m. 
rectus abdominis) and a deep pathway (posterior to the m. rectus ab¬ 
dominis). (In the chest, these pathways lie outside or inside the skeleton 
thoracis.) 

Note: On the anterior trunk wall, the vv. paraumbilicales (see B) establish 
a collateral pathway between the v. portae hepatis and drainage to the 
vv. cavae. This portosystemic (portacaval) pathway is important in pa¬ 
tients with obstructed portal venous flow and may affect the superficial 
and deep anterior pathways. 

• Anastomoses on the posterior wall of the abdomen. They utilize the 
connection between the v. lumbalis ascendens and the v. azygos/ 
hemiazygos. Two pathways are available: 

1. A direct pathway between the v. lumbalis ascendens and v. azygos/ 
hemiazygos: 

V. cava inferior -> (possibly via the v. iliaca communis) v. lumbalis 


ascendens -> v. azygos/hemiazygos -> v. cava superior. 

2. An indirect pathway between the v. lumbalis ascendens and v. azy¬ 
gos/hemiazygos by way of horizontal trunk wall veins (vv. inter¬ 
costales and lumbales, mediated by venous plexuses on the co¬ 
lumna vertebralis; for clarity, not shown here): 

V. cava inferior -> (possibly via the v. iliacus communis) v. lumba¬ 
lis ascendens -> vv. lumbales -> plexus venosus vertebralis -> vv. 
intercostales posteriores -> v. azygos/hemiazygos -> v. cava supe¬ 
rior. 

• Anastomoses on the anterior wall of the abdomen. They utilize super¬ 
ficial and deep cutaneous veins, which may exchange blood between 
them. Two pathways are available: 

1. Deep pathway (posterior to the m. rectus abdominis): 

V. cava inferior -> v. iliaca communis -> v. iliaca externa -> v. epi¬ 
gastrica inferior -> v. epigastrica superior -» v. thoracica interna 
-> v. subclavia -> v. brachiocephalica v. cava superior. 

2. Superficial pathway (anterior to the m. rectus abdominis): 

V. cava inferior v. iliaca communis -> v. iliaca externa -> v. femo¬ 
ralis -» v. epigastrica superficialis/v. circumflexa ilium superficialis 
-> v. thoracoepigastrica/v. thoracica lateralis -> v. axillaris -> v. sub¬ 
clavia -> v. brachiocephalica -> v. cava superior. 
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V. azygos/ 
hemiazygos 

V. cava superior 


V. thoracica interna 


V. cava inferior 


V. epigastrica superior 


V. iliaca communis 

Vv. periumbilicales 


V. epigastrica inferior 


V. lumbalis ascendens 


B Schematic of collateral pathways for the vena portae hepatis 
(porto-systemic collaterals) 

Venous collateral pathways are also available between the portal ve- 
nous system and the vv. cavae inferior and superior. These portosystemic 
collaterals are physiological pathways that can develop in response to 
(1) overlapping venous territories in organs (plexus venosi in the oe¬ 
sophagus, colon, rectum) or (2) the persistence of patent blood vessels 
that are normally obliterated after birth (v. umbilicalis, vv. paraumbili- 
cae). These collateral pathways become clinically significant when the 
portal system is compromised (as in hepatic cirrhosis, for example). As 
venous pressure increases, the v. portae hepatis can divert blood away 
from the hepar and return it to the supplying vessels. Thus, veins that 
are normally afferent vessels for the hepar undergo a flow reversal (see 
red arrows) and transport blood back through the v. cava inferior or su¬ 
perior and and back to the cor. Portosystemic shunts can be life-saving, 
but nevertheless cause significant additional problems, because some 
of the vessels in the shunt pathways (in the oesophagus and rectum, 
specifically) are barely capable of handling the significant redirected 
blood flow, with consequent rise of pressure in the system, and are thus 
liable to rupture. The following four collateral pathways are of key im- 
portance: 

© Through veins of the gaster and distal oesophagus (dilation of these 


veins may lead to esophageal varices, with risk of life-threatening 
hemorrhage): 

V. portae hepatis <- vv. gastricae <- vv. oesophageales -> v. azygos/ 
hemiazygos -> v. cava superior. 

© Through veins of the anterior abdominal wall: 

V. portae hepatis <- v. umbilicalis (pars patens) <- vv. paraumbilicales 
-* v. epigastrica superior -* v. thoracica interna -» v. subclavia -» v. 
cava superior or 

V. porta hepatis <- v. umbilicalis (pars patens) -> vv. paraumbilicales 
-* v. epigastrica inferior -»v. iliaca externa v. cava inferior. 
Drainage from vv. paraumbilicales into the superficial veins (rare) 
of the anterior abdominal wall (vv. thoracoepigastricae, v. thoracica 
lateralis, v. epigastrica superficialis, see A) leads to dilation of these 
tortuous veins (Medusa head, caput medusae). 

© Through veins of the posterior abdominal wall: 

V. portae hepatis <- v. mesenterica superior and inferior <- vv. colicae 
-> v. lumbalis ascendens -> v. azygos/hemiazygos -> v. cava superior. 
The vv. lumbales ascendentes may also divert blood to the v. cava in¬ 
ferior. 

© Through the plexus venosus rectalis (with dilation): 

V. portae hepatis «- v. mesenterica inferior«- v. rectalis superior <- 
vv. rectales med ia e/ inferiores -> v. iliaca interna v. cava inferior. 
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17.6 Trunci Lymphatici and Nodi Lymphoidei 


V. cava inferior 

Diaphragma 

Nll. phrenici 
inferiores 

Nll. mesenterici 
superiores 

Cisterna chyli 


Oesophagus 
. coeliaci 

Aorta abdominalis 



Nll. inguinales 
superficiales (with 
tractus horizontalis 
and tractus verticalis) 


A OverView of nodi lymphoidei in the abdomen and pelvis 

Anterior view of an opened female abdomen. AII visceral structures 
have been removed except for major vessels, and the vasa lymphatica 
are shown larger for clarity. Size disparities between the nodi lymphoi¬ 
dei (1 mm to over 1 cm) and actual numbers (several hundred) are ig- 
nored. Nodi lymphoidei regionales (see C) may be arranged so densely 
that individual groups can scarcely be identified. Nodi lymphoidei in the 
abdomen and pelvis are classified by their location as parietal or visceral. 
Nodi lymphoidei parietales are located near the trunk wall (often dis- 
tributed along blood vessels), while nodi lymphoidei viscerales are lo¬ 
cated near organs in the connective tissue of the spatium extraperito¬ 
neale or in the mesenterium attached to an organ. A large percentage 
of nodi lymphoidei parietales are located on the posterior wall of the 
abdomen and pelvis: they are clustered around the large vessels that 


course on the posterior abdominal and pelvic walls, such as the aorta 
abdominalis and v. cava inferior in the abdomen and the aa. and vv. ilia¬ 
cae and their branches in the pelvis. Only a few nodi lymphoidei are lo¬ 
cated on the anterior wall, such as the nodi lymphoidei inguinales and 
the nodes around the a. iliaca externa (nodi iliaci). The nodi lymphoidei 
and vasa lymphatica are arranged in an intricate network in the abdo¬ 
men and pelvis, as they generally are elsewhere in the body. As a re¬ 
suit, lymphatic drainage tends to follow multiple regional patterns of 
flow rather than a single well-defined pathway (see p. 214). Potential 
drainage routes are particularly numerous for the organs of the pelvis, 
where several organs may share lymphatic pathways. For example, cer- 
tain nodi lymphoidei are utilized (with varying degrees of preference) by 
the vesica urinaria, genital organs, and rectum. 


212 


























Abdomen and Pelvis 


1 7 . OverView of Neurovascular Structures 



Ductus thoracicus 


Cisterna chyli 


Truncus 

intestinalis 


Truncus lumbalis - 

dexter 


Truncus lumbalis 
sinister 


B Trunci lymphatici in the abdomen and 
pelvis 

Lymph from the abdominal and pelvic organs 
drains to the trunci lumbalis and intestina¬ 
lis (see p. 214) after first passing through one 
or more nodus lymphoideus groups (see C). 
An expansion, the cisterna chyli, is frequently 
present at the union of these trunks. Lymph 
from the cisterna chyli drains through the duc¬ 
tus thoracicus to the junction of the left vv. 
subclavia and jugularis interna. The ductus 
thoracicus is the principal lymphatic trunk that 
returns lymph to the venous system. 



Nll. coeliaci 


Nll. mesenterici 
superiores 


inferiores 


Nll. lumbales 
dextri 


Nll. lumbales 
sinistri 


C Nodus lymphoideus groups in the 
abdomen and pelvis 

Before lymph from the organs of the abdo¬ 
men and pelvis enters the trunci lymphatici, 
it is filtered by nodi lymphoidei that collect 
the lymph from a particular organ (or region). 
After leaving the nodi regionales, the lymph 
drains to collecting nodi lymphoidei. These 
are the nodes that collect lymph from several 
nodus lymphoideus groups and carry it to the 
trunci lymphatici. In the abdomen and pelvis, 
these are the trunci lumbalis and intestinalis. 
Note: One nodus lymphoideus may func- 
tion as a nodus lymphoideus regionalis for vari- 
ous organs, but at the same time it may col¬ 
lect lymph from several nodi regionales, func- 
tioning also as a collecting nodus lymphoideus. 
This principle is illustrated in the abdomen and 
pelvis by the nodi lymphoidei lumbales: They 
function as nodi lymphoidei regionales for the 
renes, gll. suprarenales, gonadae, and adnexa 
(see p. 306) and as collecting nodi lymphoidei 
for the nodi iliaces. 


D Nodus lymphoideus groups and tributary regions 


Nodus lymphoideus groups and 
collecting nodi lymphoidei 

Location 

(see C) 

Organs or organ segments that drain to these nodus lymphoideus groups 
(tributary regions) 

Nll. coeliaci 

Around the truncus 

coeliacus 

Distal third of oesophagus, gaster, omentum majus, duodenum (partes superior and 
descendens), pancreas, splen, hepar, and vesica biliaris 

Nll. mesenterici superiores 

At the origin of the a. 
mesenterica superior 

Second through fourth parts of duodenum, jejunum and ileum, caecum with appendix 
vermiformis, colon ascendens, colon transversum (proximal two-thirds) 

Nll. mesenterici inferiores 

At the origin of the a. 
mesenterica inferior 

Colon transversum (distal third), colon descendens, colon sigmoideum, rectum 
(proximal part) 

Nll. lumbales (dextri, intermedi, 
sinistri) 

Around the pars 
abdominalis aortae and v. 
cava inferior 

Diaphragma (abdominal side), renes, gll. suprarenales, testis and epididymis, ovarium, 
tuba uterina, fundus uteri, ureteres, retroperitoneum 

Nll. iliaci 

Around the aa. and vv. 
iliacae 

Rectum (anal end), vesica urinaria and urethra, uterus (corpus and cervix), ductus 
deferens, vesica seminalis, prostata, external genitalia (via nll. inguinales) 
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17.7 OverView of the Lymphatic Drainage of 
Abdominal and Pelvic Organs 


Ductus thoracicus 


Truncus lumbalis sinister 

t t 


Nll. lumbales sinistri 

• Nll. aortici laterales 

• Nll. preaortici 


Nll. mesenterici superiores 

II. juxtaintestinales 
II. precaecales 
II. retrocaecales 
II. ileocolici 
II. appendiculares 


Nll. mesocolici 

„.• Nll. colici dextri 
• Nll. colici medii 



-► Cisterna chyli 

t 

Trunci intestinales ◄- Nll. splenici 


Caecum 


Nll. mesenterici inferiores 

• Nll. sigmoidei 

• Nll. rectales superiores 



Colon sigmoideum 



Nll. hepatici 

• Nll. cystici 

• Nll. foraminales 


Nll. gastrici 
dextri/sinistri 


Nll. pylorici 

• Nll. supra-, sub-, 
retropylorici 


Nll. gastroomentales 
dextri/sinistri 


Nll. pancreatici 
superiores/inferiores 


Nll. pancreaticoduo¬ 
denales superiores/ 
inferiores 


Nll. mesocolici 


! n 

• Nll. colici 

◄- 9D 


sinistri 

Colon ^ 






Splen 





Duodenum 



Pancreas 


Rectum 


A Principal lymphatic pathways draining the digestive organs 
and splen 

Lymph from the splen and most of the digestive organs drains directly 
from nodi lymphoidei regionales orthrough intervening collecting nodi 
lymphoidei to the trunci intestinales. Exceptions are the colon descen¬ 
dens, colon sigmoideum, and the upper part of the rectum, which are 
drained by the left truncus lumbalis. The organs and nodi lymphoidei vis¬ 
cerales in the above schematic are served mainly by three large collect¬ 
ing stations (individual nodi lymphoidei see p. 272 ff): 

• Nll. coeliaci: collect lymph from the gaster, duodenum, pancreas, 
splen, and hepar. Topographically and at dissection, they are often 


indistinguishable from the nodi lymphoidei regionales of nearby up¬ 
per abdominal organs. 

• Nll. mesenterici superiores: collect lymph from the jejunum, ileum, 
colon ascendens, and colon transversum. 

• Nll. mesenterici inferiores: collect lymph from the colon descendens, 
colon sigmoideum, and rectum. 

These collecting nodi lymphoidei drain principally through the trunci in¬ 
testinales to the cisterna chyli. There is also an accessory drainage route 
to the cisterna chyli by way of the nll. lumbales sinistri. 

The lymphatic drainage of the rectum is described on p. 275. 
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Diaphragma 


Abdominal wall 



Right ren and 
gl. suprarenalis 




n 




Nll. iliaci communes 

• Nll. subaortici 

• Nll. promontorii 

• Nll. iliaci communes 
laterales/mediales/ 
intermedii 


Right ovarium Right testis 

and tuba and epididymis 

uterina 



Left testi s Left ova ri u m 

and epididymis and tuba 
uterina 






Left ren and 
suprarenalis 


gl. 




Nll. iliaci externi 

• Nll. obturatorii 

• Nll. iliaci externi laterales/ 
mediales/intermedii 

• Nll. interiliaci 

t 

Nll. lacunares laterales/ 
mediales/intermedii 

t 

Nll. inguinales profundi 

t 

Nll. inguinales superficiales 



Nll. iliaci interni 

• Nll. sacrales 

• Nll. gluteales superiores/ 
inferiores 


Visceral nll. pelvici 

• Nll. prerectales 

• Nll. parauterini 

• Nll. paravaginales 

• Nll. vesicales laterales 

• Nll. pre-/retrovesicales 

f 

Uterus and 
vagina 



B Principal lymphatic pathways draining the organs of the 
retroperitoneum and pelvis (and lower limb) 

Lymph from these organs drains principally to the right and left trunci 
lumbales. The following are important nodus lymphoideus groups for 
the organs of the retroperitoneum and pelvis (and lower limb): 

• Nll. iliaci communes: collect lymph from the pelvic organs and lower 
limb. 

• Nll. lumbales dextri and sinistri: collecting nodi for the nodi iliaci 
communes, also nodi lymphoidei regionales for the organs of the ret¬ 
roperitoneum ond the gonadae, although the latter are located in the 


pelvis or scrotum. As the gonadae undergo their developmental de- 
scent, they maintain their lymphatic connection to the nodi lumbales 
(analogous to their blood supply, see p. 342). As a resuit, when tu- 
mors of the testis (or ovarium), for example, undergo lymphogenous 
spread, they tend to metastasize directly to the abdomen rather than 
to the pelvis. 

Both the nll. iliaci and the nll. lumbales are classified as nodi lymphoidei 
parietales, a category that includes the nll. phrenici and epigastrici infe¬ 
riores. Nodi lymphoidei such as the nll. pararectales and nll. parauterini 
are classified as nodi lymphoidei viscerales. 
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17.8 Autonomic Ganglia and Plexuses 


R. coeliacus of truncus 
vagalis posterior 


Truncus vagalis Truncus vagalis 
posterior anterior 


N. splanchnicus 
major dexter 


N. splanchnicu 
minor dexter 

Ganglioi 

coeliacum 

Plexu s- 
suprarenalis 

Plexus renalis- 


Plexus inter¬ 
mesentericus 

Plexus uretericu: 

Ganglion 

mesentericum 

inferius 


Plexu s- 
hypogastricus 
superior 

Rr. communicantes- 
grisei 

Nn. splanchnici- 
pelvici 


Ganglion- 

impar 



N. splanchnicus 
major sinister 


N. splanchnicus 
minor sinister 


Ganglion 

mesentericum superius 

Ganglia 

aorticorenalia 

Truncus sympathicus, 
ganglia lumbalia 


Truncus sympathicus, 
r. interganglionaris 


Plexus testicuclaris 
(ovaricus) 

Plexus hypogastricus 
inferior dexter/sinister 

Truncus sympathicus, 
ganglia sacralia 

N. scaralis I, 
r. anterior 

N. hypogastricus 
sinister 

Plexus sacralis 


A OverView of ganglia autonomica and plexus autonomici in the 
abdomen and pelvis 

Anterior view of an opened male abdomen and pelvis with all of the 
peritoneum removed. Almost all of the gaster has been removed, and 
the gastric stump and oesophagus have been pulled slightly inferior. 
The pelvic organs have been removed except for a rectal stump. The 
autonomic nervous system forms extensive plexuses and a number of 
ganglia around the aorta abdominalis and within the pelvis, the gan¬ 
glia marking the sites where the first presynaptic neuron synapses with 
the second postsynaptic neuron. All of the plexus autonomici in front of 
and alongside the pars abdominalis aortae are collectively termed the 
plexus aorticus abdominalis. This structure also includes the individual 
plexuses located at the origins of the paired and unpaired branches of 


the aorta abdominalis (see B). As a general rule, sympathetic and para- 
sympathetic nerve fibers come together in the plexuses on their way to 
the target organ. 

Note: The left and right nn. vagi are organized around the oesophagus 
to form the trunci vagales anterior and posterior. Both trunci contain fi¬ 
bers from both nn. vagi, the truncus vagalis anterior containing more 
fibers from the left n. vagus, the truncus vagalis posterior containing 
more fibers from the right n. vagus. While the truncus vagalis anterior 
generally terminates at the gaster, the truncus vagalis posterior goes on 
to supply the entire intestinum tenue and the intestinum crassum ap- 
proximately to the junction of the middle and distal thirds of the colon 
transversum. 
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Plexus coeliacus 

with ganglia coeliaca 

• Plexus hepaticus 

• Plexus gastricus 

• Plexus splenicus 

• Plexus pancreaticus 


-> Hepar, vesica biliaris 
-> Gaster 
Splen 

-* Pancreas, duodenum 


Plexus mesentericus superior 

with ganglion mesentericum superius 

• No subplexuses -> Pancreas (head only), duodenum, 

jejunum, ileum, caecum, colon to left 
flexura coli sinistra, ovarium 


Plexus suprarenalis and renalis 

with ganglion aorticorenale 

• Plexus uretericus -> Gl. suprarenalis, ren, 

proximaI ureter 


Plexus ovaricus/testicularis -» Ovarium, testis 


Plexus mesentericus inferior 

• Plexus rectalis superior -> Flexura coli sinistra, descending 
and sigmoideum, upper rectum 


Plexus hypogastricus superior 

• Branches to ureter 

and genital organs -> Ureter, epididymis, testis, ovarium 


Plexus hypogastricus inferior 

with ganglia pelvica 

• Plexus rectales 

medius and inferior 

-> 

Middle and lower rectum 

• Plexus prostaticus 


Prostata, vesicula seminalis, gl. bulbo¬ 
urethralis, ductus ejaculatorius, urethra 

• Plexus deferentialis 

-> 

Ductus deferens, epididymis 

• Plexus uterovaginalis 

-> 

Uterus, tuba uterina, vagina, ovarium 

• Plexus vesicalis 

-> 

Vesica urinaria 

• Plexus uretericus 


Ureter, ascending from pelvis 


B Organization of ganglia autonomica and plexus autonomici in 
the abdomen and pelvis 

The ganglia and plexuses of the autonomic nervous system are named 
for the arteries that they accompany or around which they are distrib- 
uted (e.g., the ganglion coeliacum and plexus mesentericus). In the pars 
sympathica of the nervous system, the presynaptic neuron synapses 
with the postsynaptic neuron in ganglia distant from the organs (or gan¬ 
glion cells in a plexus distant from the organs); in the pars parasympath¬ 
ica of the nervous system, this synapse occurs in ganglia neorthe organs 


(or ganglion cells in a plexus near the organs). Thus, the ganglia para¬ 
sympathica are usually located on the target organ or in its wall, where 
they receive branches from the trunci vagales or nn. splanchnici pelvici. 
Note: Even plexuses may contain aggregations of ganglion cells, some- 
times very small. An example is the plexus renalis, which contains the 
ganglia renalia (too small to be shown in the drawing). 

The plexus autonomici contain efferent (visceromotor) fibers as well as 
numerous afferent (viscerosensory) fibers for both their sympathetic 
and parasympathetic components. 
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17.9 Organization of the Partes Sympathica 

and Parasympathica of the Nervous System 


Pars 

sympathica 



B Effects of the pars sympathica of the ner¬ 
vous system on organs in the abdomen 
and pelvis 


Organ, 

Pars sympathica 

organ system 

effects 


• Gastrointestinal 


tract 


- Longitudinal and 

Decreased motility 

circular mu sci e 
fibers 

- Sphincter muscles 

Contraction 

- Glands 

Decreased 

secretions 

Capsula splenis 

Contraction 

Hepar 

Increased 

glycogenolysis/ 

gluconeogenesis 

Pancreas 

- Endocrine 

Decreased insulin 

pancreas 

secretion 

- Exocrine 

Decreased 

pancreas 

secretion 

Vesica urinaria 

- M. detrusor vesicae 

Relaxation 

- Functional bladder 

Contraction 

sphincter 

Vesicula seminalis 

Contraction 

(ejaculation) 

Ductus deferens 

Contraction 

(ejaculation) 

Uterus 

Contraction or 
relaxation, 
depending on 
hormonal status 

Arteries 

Vasoconstriction 


A Organization of the pars sympathica of the nervous system in 
the abdomen and pelvis 

The first, or presynaptic, neurons of the pars sympathica that supply 
the organs of the abdomen are located in the cornua lateralia of seg¬ 
menta T5-T12 medullae spinalis. Their presynaptic axons pass without 
synapsing through the ganglia of the truncus sympathicus and form the 
thoracic splanchnic nerves (nn. splanchnici major and minor, and occa- 
sionally a n. splanchnicus imus from T12). The synapse with the second, 
or postsysnaptic, neuron is located in the ganglion coeliacum, the gan¬ 
glion mesentericum superius (or inferius), or the ganglion aorticorenale 
(see p. 279). 

The first, or presynaptic, neurons of the pars sympathica that supply 
the organs of the pelvis are located in the cornua lateralia of segmenta 
L1 and L2 medullae spinalis. Their presynaptic axons pass through the 
ganglia lumbalia of the truncus sympathicus and form the nn. splanch¬ 
nici lumbales. The synapse with the second, or postsynaptic, neuron may 
be located in the ganglia lumbalia, ganglion mesentericum inferius, or 


plexus hypogastricus inferior. Beyond that point the postsynaptic fi- 
bers of the postsynaptic neuron generally pass to the target organ with 
its artery, usually accompanied by parasympathetic fibers of the auto- 
nomic nervous system. 

Note: The peripheral ganglia of the pars sympathica of the nervous sys¬ 
tem are distributed along the sides of the columna vertebralis (paraver- 
tebral). Peripheral ganglia in the abdomen and pelvis are also placed an¬ 
terior to the columna vertebralis (prevertebral) and os sacrum. 

The paravertebral ganglia are interconnected by interganglionic con- 
nections to form the truncus sympathicus—two long pathways extend- 
ing along each side of the columna vertebralis. The ganglia are named 
for the corresponding levels of the spine (ganglia thoracica, ganglia 
lumbalia, etc.) and are variable in number. The prevertebral ganglia are 
located at the origins of the major arteries from the aorta abdominalis 
and are named accordingly (ganglion coeliacum, ganglia mesenterica 
superius and inferius, etc.). 
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Pars 

parasympathica 


Nucleus dorsalis 
nervi vagi 



D Effects of the pars parasympathica of the 
nervous system on organs in the 
abdomen and pelvis 


Organ, 

Pars parasympath¬ 

organ system 

ica effects 

• Gastrointestinal tract 


- Longitudinal and 

Increased motility 

circular mu scie 
fibers 


- Sphincter muscles 

Relaxation 

- Glands 

Increased secretions 

• Capsula splenis 

- 

• Hepar 

- 

• Pancreas 


- Endocrine 

- 

pancreas 

- Exocrine pancreas 

Increased secretion 

• Vesica urinaria 


- M. detrusor vesicae 

Contraction 

- Functional bladder 

- 

sphincter 


• Vesicula seminalis 

- 

• Ductus deferens 

- 

• Uterus 

- 

• Arteries 

Vasodilation of the 
arteries in the penis 
or clitoris (erection) 


Note the special role played by the suprarenal 
medulla and kidneys: the suprarenal medulla 
is phylogenetically and functionally analogous 
to a “sympathetic ganglion.” It is thus part of 
the sympathetic nervous system and is there- 
fore not listed in this table. The renal vessels 
are not regulated by the sympathetic or para- 
sympathetic nervous Systems, but by autoreg- 
ulation (occurs only for renal blood flow). For 
functional reasons, the kidneys self-regulate 
renal blood pressure. 


C Organization of the pars parasympathica of the nervous system 
in the abdomen and pelvis 

Contrasting with the thoracolumbar organization of the pars sympath¬ 
ica of the nervous system, the pars parasympathica in the abdomen and 
pelvis consists of two topographicolly distinet systems: a pars cranialis and 
a pars pelvica. This system also differs from the pars sympathica in that 
the synapse of the first, or presynaptic, neuron with the second or post- 
synaptic neuron is located in the intramural ganglia of the organ walls. 

• Pars cranialis of the pars parasympathica in the abdomen and pel¬ 
vis: The presynaptic neuron is located in the nucleus posterior nervi 
vagi (i.e., the nucleus of n. cranialis X in the medulla oblongata). The 
axons (presynaptic nerve fibers) course with the n. vagus to visceral 
or intramural ganglia, where they synapse with the postsynaptic neu¬ 
ron. The distributiori of the pars cranialis includes the gaster, hepar, 


vesica biliaris, pancreas, duodenum, ren, gl. suprarenalis, intestinum 
tenue, and the intestinum crassum from the colon ascendens to near 
the flexura coli sinistra. 

• Pars pelvica of the pars parasympathica in the abdomen and pel¬ 
vis: Its origin is located in the cornua lateralia of segmenta S2-S4 
medullae spinalis (sacral nucleus intermediolateralis). The axons 
(presynaptic nerve fibers) run a very short distance with nn. spinales 
S2-S4, then separate from them and course as the nn. splanchnici 
pelvici to ganglion cells in the plexus hypogastricus inferior or organ 
wall, where they synapse with the postsynaptic neuron. The distribu¬ 
tiori of the pars pelvica of the pars parasympathica of the nervous 
system in the abdomen and pelvis includes flexura coli sinistra, the 
colon descendens and sigmoideum, rectum, canalis analis, vesica uri¬ 
naria, urethra, and the internal and external genitalia. 
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18. Organs ofthe Digestive System and their Neurovasculature 


18.1 Gaster: 

Location, Shape, Divisioris, and Interior View 


Vertebra LIV 



V. cava Aorta Ren 

inferior abdominalis sinister 


Hepar 

Pancreas 

Omentum 
minus (lig. 

hepato¬ 

gastricum) 



Splen 

Recessus 

splencius 

bursae 

omentalis 

Gaster 


A Projection onto the trunk 

Anterior view. 

The gaster is intraperitoneal and located in the left upper quadrant (epi¬ 
gastrium). 

Note the planum transpyloricum (halfway between the superior border 
of the symphysis pubica and superior border of the manubrium sterni, 
see p. 352). It serves as an important anatomical landmark: the pylorus 
is located at or slightly below the planum transpyloricum. Unlike other 
parts ofthe gaster, the pylorus hardly moves at all since it is connected 
to the duodenum, which is retroperitoneal (and thus relatively immo¬ 
bile). 


B Topographical relationships 

Transverse section at approximately the T12/L1 level. Viewed from 
a bove. 

Note the relationship of the gaster to the splen, pancreas, hepar, and 
bursa omentalis: The curvatura major extends to the splen; the lobus 
hepatis sinister extends in front of the gaster and into the left upper 
quadrant. When the abdomen is opened, very little ofthe gaster is vis- 
ible as most of it is obscured by the hepar. Posterior to the gaster lies a 
narrow peritoneal space called the bursa omentalis. Its posterior wall is 
largely formed by the pancreas. Due to its peritoneal covering, the gas¬ 
ter is very mobile relative to the neighboring organs. This is important 
for facilitating the gaster’s peristaltic movements. Due to its embryonic 
placement in the mesogastrium ventrale and dorsale (see p. 32), the 
gaster has direct peritoneal attachments to the splen and hepar. 


Lobus hepatis 
dexter 

Vesica biliaris 


Omentum minus 
(lig. hepatoduodenale) 

Formaen omentale 

Omentum minus, 
lig. hepatogastricum 

Canalis pyloricus 

Ren dexter 

Duodenum 

Flexura coli dextra 

Antrum pyloricum 

Colon ascendens 



Diaphragma 

Fundus gastricus 

Oesophagus 

Pars cardiaca 

Lig. hepato- 
oesophageale 

Corpus gastricum 

Splen 

Curvatura minor 

Mm. transversus abdomini, 
obliqui internus and 
externus abdominis 

Curvatura major 

Colon descendens 

Omentum majus 


C The gaster in situ 

Anterior view of the opened upper abdomen. The hepar has been re- 
tracted superolaterally, and the oesophagus has been pulled slightly 
downward for better exposure. The arrow points to the foramen omen¬ 
tale, the opening in the bursa omentalis behind the omentum minus. 
Peritoneal adhesions are visible between the hepar and the pars descen¬ 
dens duodeni. The omentum minus is visibly subdivided into a relatively 


thick lig. hepatoduodenale (transmitting neurovascular structures to 
the porta hepatis) and a thinner lig. hepatogastricum, which is attached 
to the curvatura minor ofthe gaster. A lig. hepatooesophageale can also 
be identified. The curvatura major ofthe gaster is closely related to the 
splen in the left upper quadrant (LUQ). The omentum majus is a du- 
plication of peritoneum that covers the colon transversum and drapes 
over the loops of intestinum tenue (not visible here). 
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Pars cardiaca 


Curvatura 

minor 


Canalis Incisura 
pyloricus angularis 


Fundus gastricus 


Oesophagus 


Curvatura 

major 


Corpus 

gastricum 


Duodenum 


Antrum 

pyloricum 


D Shape and anatomical divisions 

Anterior view of the paries anterior. The body 
(corpus) of the gaster is the largest part of 
the gaster. It terminates blindly at the fundus 
gastricus, which in the standing patient is the 
highest part of the gaster and is usually filled 
with air (visible on radiographs as the “gastric 
bubble”). 

Note: The cardia is the area of the gastric 
inlet where the oesophagus opens into the 
gaster (at the ostium cardiacum). While the 
oesophagus is invested by adventitial connec¬ 
tive tissue (tunica adventitia), the gaster has a 
visceral peritoneal covering or tunica serosa. 
The transition from tunica adventitia to tunica 
serosa is sharply defined, and occasionally the 
tunica serosa continues a short distance onto 
the lower end ofthe oesophagus. 

The part of the gaster that opens into the duo¬ 
denum, the pars pylorica, consists of a broad 
antrum pyloricum, a narrow canalis pyloricus, 
and the pylorus itself (ostium pyloricum). The 
stratum circulare of the tunica muscularis of 
the gaster is markedly thickened at the end of 
the canalis pyloricus to form the m. sphincter 
pyloricus (not visible here), which produces a 
visible external constriction of the canalis py¬ 
loricus. 



Pars cardiaca 


Curvatura minor 


Oesophagus 


Fund gastricus 


Curvatura 

major 


Plicae 

gastricae 


Duodenum 


Ostium 

pyloricum 


Corpus 

gastricum with 

longitudinal 

folds 


M. sphincter Incisura 

pylori angularis 


E Interior ofthe gaster 

Anterior view of the gaster with the par¬ 
ies anterior removed. For clarity, small por- 
tions of the oesophagus and duodenum are 
also shown. The gastric tunica mucosa forms 
prominent folds (plicae gastricae) that serve 
to increase its surface area. These folds are 
directed longitudinally toward the pylorus, 
forming “canales gastrici”. The plicae gastricae 
are most prominent in the corpus gastricum 
and along the curvatura major and diminish in 
size toward the pyloric end. The tunica mucosa 
imparts a glossy sheen to the stomach lining. 
Note: The ostium pyloricum is quite large in 
this dissection. Normally, the orifice usually 
opens to a luminal diameter of only 2-3 mm. 
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18.2 Gaster: 

Wall Structure and Histology 


Duodenum, 
pars superior 


Endoscopic 
light source 


Oesophagus, 
tunica adventitia 


Tunica muscularis of 
oesophagus, stratum 
longitudinale 


Fund gastricus 


Tunica muscularis, 
stratum circulare 



Corpus 

gastricum 


Tunica muscularis, 
stratum longitudinale 


Tunica muscularis, 
fibrae obliquae 


Plicae 

gastricae 


A Muscular layers 

Anterior view of the paries anterior gastricus with the tunica serosa and 
tela subserosa removed. The tunica muscularis of the gaster has been 
windowed at severa I sites. The enti re stomoch wall ranges from 3 mm 
to approximately 10 mm in thickness (see B for individual layers). Most 
of its tunica muscularis consists not of two layers (as in other hollow or¬ 
gans of the gastrointestinal tract) but of three muscular layers: 

• An outer stratum longitudinale, which is most pronounced along the 
curvatura major (greatest longitudinal expansion) 

• A middle stratum circulare, which is well developed in the corpus gas¬ 
tricum and most strongly developed in the canalis pyloricus (anular 
m. sphincter pyloricus, see p. 221) 


• An innermost layer of fibrae obliquae, which is derived from the stra¬ 
tum circulare and is clearly visible in the corpus gastricum. 

The three-layered structure of its muscular wall enables the gaster to 
undergo powerful churning movements. The muscles can forcefully 
propel solid food components against the gastric wall in the acidic 
gastric juice, breaking the material up into particles approximately 
1 mm in size that can pass easily through the pylorus. The longitudi- 
nally- oriented plicae gastricae (reserve folds that disappear when the 
gaster is distended) form channels, called canales gastrici, that rapidly 
convey liquids from the gastric inlet to the pylorus. 
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Tunica 

mucosa 


Tunica 

muscularis 


Lamina epithelialis 
Lamina propria 
Lamina muscularis 

Tela submucosa 

Fibrae obliquae 

Stratum circulare 

Stratum 

longitudinale 


See b 


Plexus 

submucosus 


Foveola gastrica 


a Tunica Tunica 

serosa subserosa 



Tela submucosa 


B Structure of the gaster wall and gll. gastricae 
a The structure of the gaster wall illustrates the layered wall struc¬ 
ture that is typical of the hollow organs throughout the gastrointesti- 
nal tract. The gaster is unique, however, in that its tunica muscularis 
consists of three rather than two layers (see A). 

Note: The tunica serosa (visceral layer of the peritoneum) and tela 
subserosa (connective-tissue layer giving attachment to the tunica 
serosa and transmitting neurovascular structures for the tunica mus¬ 
cularis) are present only in areas where the organ in question is cov- 
ered by peritoneum viscerale. In wall areas that lack a peritoneal cov- 
ering (e.g., large portions of the duodenum and colon), the tunica 
serosa and tela subserosa are replaced by a fibrous tunica adventitia, 
which connects the wall of the organ to the connective tissue of sur- 
rounding structures. 

The tunico mucosa contains specialized cells that are aggregated into 
glandulae (visible microscopically). The glandular orifices open at the 
base of the foveolae gastricae (see b). In the corpus and pylorus of 
the gaster these glands extend down to the muscular layer of the 
mucosa, the lamina muscularis mucosae (deeper glands = more cells 
= higher secretory output). The tela submucosa (layer of connective 
tissue transmitting neurovascular structures for the tunica muscula¬ 
ris) contains the plexus submucosus for visceromotor and viscerosen- 


sory control of the hollow organs in the gastrointestinal tract. This 
plexus, like the plexus myentericus (located in the tunica mucosa for 
visceromotor control ofthe visceral muscle, not shown here), is part 
of the enteric nervous system (plexus entericus), which contains, in 
total, millions of scattered ganglion cells. 
b Structure of the gll. gastricae (after Lullmann-Rauch) (simplified 
schematic of a gland from the corpus gastricum). Several types of 
cells are distinguished in the fundus and corpus gastricum: 

• Surface epithelial cells: cover the surface ofthe tunica mucosa and 
secrete a mucous film. 

• Neck cells: produce mucin to strengthen the mucous film (make it 
more anionic). 

• Parietal cells: produce HCI and intrinsic factor, which is necessary 
for vitamin B 12 absorption in the ileum. 

• Chief cells: produce pepsinogen, which is converted to pepsin (for 
protein breakdown) in the stomach. 

• Enteroendocrine cells: different subtypes producing gastrin (G 
cells), somatostatin (D cells), or other factors controlling motility 
and secretion 

• Stem cells: reservoir for replenishing the surface epithelial cells 
and gland cells 



C Endoscopic appearance of the gastric tunica mucosa 

a, b Healthy gastric tunica mucosa with a glistening surface; c Gastric 
ulcer. 

a View into the corpus gastricum, which has been moderately dis- 
tended by air insufflation. The tunica mucosa is raised into promi¬ 
nent, tortuous plicae gastricae that form the canales gastrici, 
b Inspection of the antrum pyloricum shows less prominent folds than 
in the corpus gastricum. 


c Fibrin-covered gastric ulcer with hematin spots. A gastric ulcer is de- 
fined as a tissue defect that extends at least into the lamina muscu¬ 
laris mucosae, but many ulcers extend much deeper into the stom¬ 
ach wall. Most gastric ulcers are caused by infection with Helicobacter 
pylori, a bacterium that is resistant to stomach acid (from Block, 
Schachschal and Schmidt: The Gastroscopy Trainer. Stuttgart: Thieme, 
2004). 
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18.3 Intestinum Tenue: 
Duodenum 



Duodenum, 
pars superior 

Flexura duodeni 
superior 

Duodenum, 
pars descendens 

Flexura duodeni 
inferior 

Duodenum, 
pars inferior 



Truncus coeliacus 


Lig. suspensorium 
duodeni (with m. 
suspensorius duodeni) 

A. mesenterica 
superior 

V. renalis sinistra 

Jejunum 

Duodenum, 
pars ascendens 


A Projected onto the columna vertebralis 

The duodenum is a C-shaped loop of intesti¬ 
num tenue lying predominantly on the right 
side ofthe columna vertebralis in the right up- 
per quadrant (RUQ) and encompassing the L1 
through L3 vertebrae and occasionally extend- 
ing to L4. The concavity ofthe duodenum nor- 
mally encloses the caput pancreatis at the L2 
level (see D). 


B Parts ofthe duodenum 

Anteriorview. The anatomical parts ofthe du¬ 
odenum (partes superior, descendens, hori¬ 
zontalis, and ascendens with intervening flex- 
ures) have a total length of approximately 12 
fingerwidths (L. duodeni = “twelve at a time”). 
Note the lig. suspensorium duodeni (called 
also the ligament of Treitz), which often con- 


tains smooth-muscle fibers. Mobile loops of 
intestinum tenue may wrap around this liga¬ 
ment and become entrapped between the lig¬ 
ament and the vessels behind it (most notably 
the pars abdominalis aortae). This “Treitz her¬ 
nia” may cause mechanical obstruction ofthe 
affected bowel loop and strangulate its blood 
supply. 
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Stratum 

longitudinale 


Stratum 

circulare 
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Duodenum, 
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Ductus 
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Ostium 

pyloricum M. sphincter 
pylori 


Duodenum, 
pars superior 


Plicae circulares 
(valve of Kerckring) 


Corpus 

pancreatis 


Flexura 

duodenojejunalis 

V. mesenterica 
superior 

A. mesenterica 
superior 


Tela Caput Duodenum, 

submucosa pancreatis pars horizontalis 


C Wall structure and duct orifices 

Anterior view. Most of the duodenum has been opened. The ostium py¬ 
loricum (here greatly dilated) opens to a luminal diameter of only about 
2-3 mm for the passage of chyme. The duodenum has basically the 
same wall structure as the other hollow organs of the gastrointestinal 
tract (see B, p. 223). The structure ofthe tunica mucosa is shown in F. 
The pars descendens ofthe duodenum has two small elevations along 


its inner curve: the papilla duodeni minor, which bears the orifice ofthe 
ductus pancreaticus accessorius, and the papilla duodeni major (called 
also the papilla of Vater), which has a common orifice for the ductus 
pancreaticus and ductus choledochus. Thus, the release of bile and pan- 
creatic juice to aid digestion takes place in the upper part of the duo¬ 
denum. 
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Peritoneum V. cava 
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sinistra 

Gl. suprarenalis 
sinistra 

Aorta 

abdominalis 

A. splenica 

Cauda pancreatis 

Flexura coli sinsitra 
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Recessus duodenalis 
superior 
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superior 
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Duodenum, A. colica Radix Duodenum, Duodenum, 

pars descendens dextra mesenterii pars horizontalis pars ascendens 


A. and v. colica 
sinistra 


D The duodenum in situ 

Anterior view. The gaster, hepar, intestinum tenue, and large portions 
of the colon transversum have been removed. The retroperitoneal fat 
and connective tissue, including the capsula adiposa, have been sub- 
stantially thinned. The caput pancreatis lies in the concavity of the C- 
shaped loop of the duodenum. The first 2 cm of the pars superior of 
the duodenum is stili intraperitoneal (attached to the hepar by the lig. 
hepatoduodenale), but most ofthe duodenum is retroperitoneal. Ow- 


ing largely to the proximity of the duodenum and the caput pancrea¬ 
tis, lesions ofthe pancreas (tumors) or malformations (anular pancreas) 
may cause duodenal obstruction. The peritoneum at the duodeno-jeju- 
nal junction forms the recessus duodenales superior and inferior. Mobile 
loops of intestinum tenue may enter these peritoneal recesses and be- 
come entrapped there (internol hernia), causing a potentially life-threat- 
ening bowel obstruction. 


Plicae 

circulares 


Papillary 

region 



E Endoscopic view 

The endoscope is pointing down into the pars 
descendens of the duodenum. The papillary 
region where the ductus biliaris and ductus 
pancreaticus open into the duodenum is vis- 
ible on the left side of the image at approx- 
imately the 10 o’clocl< position. The plicae 
circulares (valves of Kerckring) are typical of 
those found in the intestinum tenue, diminish- 
ing in size in the proximal to distal direction 
(from Block, Schachschal and Schmidt: Endos- 
copy ofthe Upper G I Tract. Stuttgart: Thieme, 
2004). 
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Tunica 

muscularis 


F Histological structure 

Longitudinal section through the duodenal 
wall. The duodenum has basically the same 
histological structure as the other hollow or¬ 
gans of the gastrointestinal tract (see B, p. 
223), with some notable differences such as 
the presence of gll. duodenales (Brunner) (se¬ 
crete mucins and bicarbonate to neutralize 
the acidic gastric juice) and valves of Kerckring 
(specialized plicae circulares). Other features 
that distinguish the duodenum from the jeju¬ 
num and ileum are its more prominent muco- 


sal folds, which diminish in size toward the end 
ofthe intestinum tenue. 

Note: The tunica muscularis externa of all por¬ 
tions ofthe intestinum, unlike that ofthe gas¬ 
ter, consists of only two layers: an inner stra¬ 
tum circulare and an outer stratum longitudi¬ 
nale. 
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18.4 Intestinum Tenue: 
Jejunum and Ileum 


Tunica Tela Tela subserosa 

mucosa submucosa and tunica serosa 



Tunica muscularis 



A Parts ofthe intestinum tenue: overview (a) and anatomical 
constrictions (b) 

Anterior view. The intestinum crassum surrounds the loops of intesti¬ 
num tenue like a frame. Because the intestinum tenue loops are intra- 
peritoneal and therefore very mobile, it is not possible to define their lo- 
cation by reference to skeletal landmarks. If the intestinal loop rotates 
normally during embryonic development (see p. 36), the duodenum 
lies behind the colon transversum. If the intestinal loop rotates in the 
wrong direction, the duodenum will come to lie in front of the colon 
transversum. 

Note the following normal anatomical constrictions: 

• Junction ofthe pylorus and duodenum (luminal diameter of the os¬ 
tium pyloricum is only about 2-3 mm) 

• Flexura duodenojejunalis 

• Ostum ileale 

Swallowed foreign bodies may become lodged at these sites, obstruct- 
ing intestinal transit and causing mechanical intestinal paralysis (me- 
chonicol ileus, a life-threatening condition that is an absolute indication 
for surgical treatment). 


B Wall structure ofthe jejunum and ileum 

The wall layers ofthe intestinum tenue are displayed in a “telescoped” 
cross-section. The tunica mucosa has been incised longitudinally and 
opened. The jejunum and ileum have basically the same wall structure 
as the other hollow organs ofthe gastrointestinal tract (see B, p. 223), 
but local differences are observed in the plicae circulares (see C) and 
vascular supply (see p. 260). 


Jejunum 


Ileum 


a 




b 


C Differences in the wall structure of the jejunum and ileum 

Macroscopic views of the jejunum (a) and ileum (b), which have been 
opened longitudinally to display their mucosal surface anatomy. 

Note: The transversely oriented plicae circulares in the jejunum are 
spaced much closer together than in the ileum. Lymphatic follicles are 
particularly abundant in the wall of the ileum (from the lamina pro¬ 
pria to the tela submucosa) for mounting an immune response to an- 
tigens in the intestinal contents (noduli lymphoidei aggregati, Peyer’s 
patches). 
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Omentum majus 
(reflected superiorly) 


Appendices omentales 
(epiploicae) 


Taenia 

coli 


Colon 

transversum 
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Colon 

ascendens 

Taenia coli 

Cecum — 
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M. rectus 
abdominis 



Linea Plica umbilicalis mediana 

arcuata (with obliterated urachus) 


Jejunum 


Mm. transversus 
abdominis, 
obliqui internus and 
externus abdominis 


Plica umbilicalis 
lateralis (with a. and v. 
epigastrica inferior) 


Plica umbilicalis 
medialis (with 
obliterated 
a. umbilicalis) 


D The jejunum and ileum in situ 

Anterior view. The abdominal wall has been opened and the colon 
transversum has been reflected upward. Coils of jejunum and ileum 
completely fili the four quadrants of the cavitas peritonealis below the 


mesocolon transversum and are framed by the colon segments. In this 
dissection the loops of intestinum tenue have been displaced slightly to 
the left in front ofthe colon descendens, hiding it from view. The colon 
ascendens and caecum are visible along the right flank ofthe abdomen. 
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18.5 Intestinum Crassum: 
Colon Segments 


B Distinctive morphological features ofthe intestinum crassum 

There are four morphological features—three visible externally and one 
internally—that distinguish the intestinum crassum from the intestinum 
tenue. It should be noted that these features do not occur equally in all 
parts ofthe intestinum crassum and are absent in the caecum, appen¬ 
dix vermiformis, and rectum. 



Flexura 
colica sinistra 

Colon 

descendens 

Colon 

sigmoideum 


A Projection ofthe intestinum crassum onto the skeleton 

Because of the embryonic rotation of the primary intestinal (midgut) 
loop, the intestinum crassum typically forms a frame encompassing the 
intestinum tenue. The position and length ofthe colon segments may 
vary, however, depending on the course of intestinal rotation. For ex- 
ample, when the intestinal loop rotates normally, the colon ascendens 
acquires a “normal” length (as shown here). If intestinal rotation is in¬ 
complete, the colon ascendens is shortened. The colon transversum is 
particularly mobile owing to its mesocolon, while the cola ascendens 
and descendens are less mobile because they are fixed to the posterior 
wall ofthe cavitas peritonealis. The flexura coli sinistra usually occupies 
a somewhat higher level than the flexura coli dextra due to the space oc- 
cupied by the large lobus hepatis dexter. Also, the colon descendens is 
usually more posterior than the colon ascendens. 


Taeniae coli 


Appendices 

epiploicae 


Haustra 

(haustrations) 

Plicae semi¬ 
lunares coli 


In most portions of the intestinum crassum, 
the longitudinal muscle fibers do not form a 
continuous layer around the intestinal wall but 
are concentrated to form three longitudinal 
bands, the taeniae (see C). Taeniae are not 
present in the rectum or appendix vermiformis. 
The three taeniae converge to form the muscu¬ 
laris externa ofthe appendix. 

Fat-filled protrusions ofthe tunica serosa, scat- 
tered over the surface of the intestinum 
crassum except on the caecum (absent or 
sparse) and rectum (absent). 

Saccular wall protrusions between the trans¬ 
verse folds of the intestinum crassum (see p. 
230), absent in the rectum. 

Visible only internally, in contrast to the exter- 
nal features above. They are functional features 
caused by contraction ofthe tunica muscularis. 
The internal plicae correspond to external con- 
strictions that separate the haustra. 



Mesocolon 

transversum 

Taenia 

mesocolica 

Taenia 

libera 


C The three taeniae of the colon 

Sagittal section, viewed from the left side. The three taeniae are named 
for their position on the colon: 

• Taenia libera (free taenia) 

• Taenia omentalis (the taenia at the attachment ofthe omentum ma- 
jus) 

• Taenia mesocolica (the taenia at the attachment ofthe mesocolon) 


D Anatomical divisions ofthe intestinum crassum 


The intestinum crassum consists ofthe following divisions in the 
proximal-to-distal direction: 

• Caecum with the appendix vermiformis 

• Colon, consisting of four parts: 

- Colon ascendens 

- Colon transversum 

- Colon descendens 

- Colon sigmoideum 

• Rectum 

Note: For various reasons, some authors consider the rectum to be 
a separate section of the intestine, and not a part of the intestinum 
crassum. However, according to the Terminologia Anatomica, which 
serves as the international Standard on human anatomic terminology, 
the rectum is a segment ofthe intestinum crassum. 
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E Intestinum crassum: Segments, shape, and distinctive features 

Anterior view, intestinum crassum. The pars terminalis of the ileum and 
portions ofthe mesocola transversum and sigmoideum are shown. The 
cola ascendens and transversum have been rotated to display their tae¬ 
niae. 

Note: Colorectal cancer, which has become one of the most common 
cancers in industrialized countries, has a special predilection for the rec- 
tosigmoid junction and the rectum itself (i.e., sites distal to the flexura 
coli sinistra). 

The various colon segments possess all the morphological character- 
istics of the intestinum crassum (haustra, taeniae, appendices epiplo¬ 
icae, see B). Typically these features disappear past the rectosigmoid 


junction. As the taeniae disappear, they are replaced on the rectum 
by a continuous stratum longitudinale. Instead of haustra, the rectum 
has three permanent constrictions that are produced by internal plicae 
transversae (see p. 233). The peritoneal reflection on the anterior rectal 
wall represents the site where the peritoneum is reflected onto the pos¬ 
terior wall of the uterus (in the female) or onto the upper surface of the 
vesica urinaria (in the male). 

Note: The cola ascendens and descendens are (secondarily) retroperi- 
toneal and therefore, unlike the cola sigmoideum and transversum, 
they do not have a mesocolon and are covered only anteriorly by peri¬ 
toneum. The rectum is extraperitoneal in the pelvis minor, lacks a “sus- 
pensory ligament,” and bears other unique features. 
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18.6 Intestinum Crassum: 

Wall Structure, Caecum, and Appendix Vermiformis 


Colon 

ascendens 


Taenia 

libera 


Labrum ileocolicum 
(labrum superius) 

Papilla ilealis, 
frenulum 

Labrum ileocaecale 
(labrum inferius) 


Caecum 


A. caecalis 
anterior 


Ostium ileale 


Ostium appendicis 
vermiformis 



Ileum, 

pars terminalis 


Mesoappendix 

vermiformis 

A. appendicularis 


A Caecum and pars terminalis ilei 

Anterior view. The caecum is unique in its end-to-side connection with 
the pars terminalis of the intestinum tenue (ileum) and the presence of 
the appendix vermiformis. As a resuit, there are two openings in the wall 
of the caecum: the ostium ileale on a small papilla (papilla ilealis) and, be- 
low that, the ostium appendicis vermiformis. The ostium ileale is approxi- 
mately round in the living individual but is often slit-like in the postmor- 
tem condition. It is bounded by superior and inferior flaps or “lips,” the 
labrum ileocolicum (labrum superius) and the labrum ileocaecale (la¬ 
brum inferius). Both are continued as a narrow ridge of mucosa, the fren¬ 
ulum ostii ilealis. 


Note: Inflammation of the appendix vermiformis (appendicitis) is one 
of the most common surgically treated diseases of the gastrointesti- 
nal tract. If acute appendicitis goes untreated, the inflammation may 
perforate into the free cavitas peritonealis (a “ruptured appendix” in 
popular jargon). This creates a route by which bacteria in the bowel lu¬ 
men can enter the cavitas peritonealis and gain access to the large peri- 
toneal surface, quickly inciting a life-threatening inflammation of the 
peritoneum (peritonitis). 


B Ostium ilealis 

Anterior view of a longitudinal coronal section of the cecum and ileum. 
The ostium ilealis hermetically seals the pars terminalis ilei from the cae¬ 
cum and prevents the reflux of contents from the intestinum crassum 
(structural constriction, see A, p. 226). At the ostium ilealis, the end of 
the ileum evaginates the stratum circulare of the tunica muscularis of 
the intestinum crassum into the cecal lumen. AII layers ofthe ileal wall 
except the stratum longitudinale of the tunica muscularis and perito¬ 
neum contribute to the structure ofthe ileocecal orifice. The strata cir¬ 
culares tunicarum muscularium ofthe ileum and caecum function as a 
sphincter, which periodically opens the ostium. This allows the contents 
of the intestinum tenue to enter the intestinum crassum while effec- 
tively preventing reflux. The function of the sphincter is similar to that 
ofthe pylorus. 
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C Interior of the colon 

The interior of the colon is marked by transversely oriented folds called 
plicae semilunares. They are formed by the shortness of the muscu- 
lar taenia of the colon wall and are visible externally as anular constric- 
tions. The sacculations between the folds are the haustra coli. The pli¬ 
cae semilunares are inconstant features that depend on the muscular 
tension in the taenia. The plicae and haustra move slowly down the co¬ 
lon with waves of peristaltic activity. 


Location of 
umbilicus 

McBurney 

point 

Spina iliaca 
anterior 
superior dextra 

Lanz point 



Vertebra LIV 


Spina iliaca 
anterior 
superior sinistra 


E Variants in the position of the appendix vermiformis 

Disturbances in the rotation of the embryonic gut can resuit in nu- 
merous positional variants of the caecum and appendix vermiformis. 
The appendix may even come to lie in the left side of the abdomen. 
The inflammation of an appendix in the typicol position is characterized 
by tenderness at two points: 

• McBurney point: Position on a line connecting the umbilicus and the 
right spina iliaca anterior superior. The McBurney point is one-third of 
the distance along this line from the spina iliaca. 

• Lanz point: Position on a line connecting the the spinae iliacae anteri¬ 
ores superiores. The Lanz point is one third ofthe distance along this 
line from the right spina. 

Although very useful, these are not definitive clinical signs. Tenderness 
may be felt at other abdominal sites, especially if the appendix is in an 
atypical position. 


D Wall structure ofthe colon and caecum 

Longitudinal section through the bowel wall. AII the typical wall layers 
of the gastrointestinal canal are present: the tunica mucosa, tela sub¬ 
mucosa, tunica muscularis externa, and tunica serosa (or adventitia in 
the retroperitoneal parts ofthe colon, see B, p. 223). There are several 
features, however, that distinguish the wall structure of the colon and 
caecum from that of the gaster and intestinum tenue: 

• The tunica mucosa is devoid of villi (i.e., the total surface area is not 
enlarged as much as in the intestinum tenue). Instead of villi, there 
are large numbers of deep crypts (Lieberkuhn crypts, glandulae intes¬ 
tinales), more numerous than in the intestinum tenue. 

• The epithelial layer ofthe tunica mucosa contains large numbers of 
goblet cells (for clarity, not shown here). 

• The colonic mucosal surface undulates in large-scale, crescent- 
shaped, plicae semilunares (see C). 

• The tunica muscularis externa consists of an inner stratum circulare 
and an outer stratum longitudinale, which is concentrated in three 
longitudinal bands, the taeniae coli (see p.228). 
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F Wall structure of the appendix vermiformis 

The appendix vermiformis has the typical wall structure of an intraper¬ 
itoneal intestinal tube. One striking feature is the abundance of lym- 
phatic follicles (noduli lymphoidei aggregati) in the tela submucosa 
(also present in the colon and caecum, but in much smaller numbers). 
With its high degree of immunological activity, the appendix has been 
characterized as the “intestinal tonsil.” The mucosa has numerous deep 
crypts that are in intimate contact with the noduli lymphoidei aggregati 
in the lamina propria and the tela submucosa (crypts and noduli lym¬ 
phoidei aggregati are not visible here). Since the appendix vermiformis 
is intraperitoneal, it possesses a small mesenterium, the mesoappendix, 
which transmits neurovascular structures. 
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18.7 Intestinum Crassum: 

Location, Shape, and Interior View of Rectum 



Colon 

sigmoideum 

Rectum 



A Location and curves ofthe rectum 

Anterior view (a) and left anterior view (b). The rectum is 15-16 cm long 
and extends approximately from the superior border ofthe third sacral 
vertebra to the perineum. It is “straight” only in the frontal projection 
(as shown in a); it presents two flexures in the sagittal projection (see b): 


the flexura sacralis (retroperitoneal) and the flexura perinealis (extraper- 
itoneal), which represents the start of the canalis analis and is already 
extraperitoneal. The flexura sacralis—conforming to the shape of the 
os sacrum—is concave anteriorly. The flexura perinealis is an important 
functional component of rectal continence (see p. 234f). 
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C Distinet morphological 
features of the rectum 


The mucosa and wall structure of 
the rectum does not differ from 
the intestinum crassum, includ- 
ing the colon and caecum. Never- 
theless, it lacks several colonic 
characteristics: 

• no taeniae, the rectum has a 
continuous stratum longitudi¬ 
nale tunicae muscularis; 

• no appendices epiploicae; 

• no haustra; 

• no plicae semilunares, the 
rectum has plicae transversae 
recti 

• the wall of rectum is devoid of 
ganglion cells; 

• embryonic development: the 
part above the anorectal line, 
like the colon, is derived from 
endoderma, the canalis ana¬ 
lis is derived from ectoderm 
(which is why some authors 
don’t consider it part ofthe 
rectum). 


B The rectum in situ 

Coronal section of the female pelvis, anterior view, with the rectum 
opened from about the level ofthe middle plica transversa recti. The 
taeniae of the colon sigmoideum are not continued onto the rectum. 
The constrictions in the outer wall of the rectum correspond to the pli¬ 
cae transversae on the inner wall. The rectum (which would appear in 
this form only if the ampulla were full) is shown in a slightly raised posi- 
tion. Below the m. levator ani is the powerful m. sphincter ani externa, 


the muscular component of the rectal continence organ. The pararec- 
tal connective tissue below the cavitas peritonealis contains numerous 
vessels that supply the rectum. 

This drawing was made from the dissection of a female cadaver. Thus, 
the peritoneum would be reflected from the anterior wall of the rec¬ 
tum onto the posterior wall ofthe uterus. Although both the anterior 
rectal wall and uterus are not visible here (anterior to this plane of sec¬ 
tion), parts ofthe plicae rectouterinae are stili visible. 
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D Rectum and canalis analis: Divisioris, internal surface and 
wall structure 

Anterior view of the rectum in coronal section with the anterior wall re- 
moved. Instead of plicae semilunares, the rectum contains three per¬ 
manent plicae transversae. The distal portion ofthe rectum, also known 
as the anorectum, is recognizable by a palpable protrusion (m. puborec¬ 
talis sling or junctio anorectalis) which is visible on the mucosal surface. 
The anorectum is divided into two segments, the ampulla recti and the 
canalis analis. 

• Ampulla recti: the lowest portion ofthe rectum between the mid- 
dle plica transversa recti (Kohlrausch fold, flexura intermediosinistra 
lateralis) and the junctio anorectalis. The ampulla recti is the most 
distensible part of the rectum and, contrary to popular opinion, 
does not serve as a reservoir for holding stool but is usually empty 
(see mechanism of defecation, p. 237). The middle plica transversa, 
which projects into the rectum from its right posterior wall, is ap- 
proximately 6-7 cm from the anus and can just be reached with the 
palpating finger. Rectal tumors located below the Kohlrausch fold 
may therefore be palpable. 

• Canalis analis: located below the junctio anorectalis at the dis¬ 
tal flexura perinealis (see A). It is approximately 4 cm long and nor- 
mally kept closed by the mm. sphincteres ani. The clinically impor¬ 


tant “surgical ana! cono/” begins at the level of the junctio anorecta¬ 
lis and extends to the linea anocutanea, which is also palpable. It is 
a groove located between the margins of the mm. sphincteres ani 
internus and externus (sulcus intersphinctericus) at the junction of 
the anoderm (zona alba), a region with very dense somatic innerva- 
tion, and the pigmented perianal skin (see p. 234 B). Above the an¬ 
oderm are located 8-10 longitudinal mucosal folds (columnae ana¬ 
les), produced by the arterial corpus cavernosum recti (hemorrhoidal 
plexus), located in the submucosa (see p. 234). The distal ends ofthe 
columnae anales are connected by valve-like transverse folds (val¬ 
vulae anales). AII valvulae anales together form the linea pectinata, 
which is an important landmark because it is visible. Behind the val¬ 
vulae anales are pocket-like depressions (sinus anales or pouches of 
Morgagni), into which empty 6-8 outflow ducts ofthe rudimentary 
mucus-secreting anal glands (proctodeal glands). The most common 
site of these glands is the commissura laborium posterior (approxi¬ 
mately at 6 o’clocl< in the lithotomy position), either in the tela sub¬ 
mucosa or intersphincteric (between the mm. sphincteres ani interni 
and externi) space, so that the outflow ducts partially transverse the 
m. sphincter ani internus. 

Note: Bacterial infections of the glands may cause perianal abscesses 

and anal fistulas, which are difficult to treat (see p. 239). 
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18.8 Continence Organ: 

Structure and Components 
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A Components ofthe continence apparatus 

Midsagittal section atthe level ofthe canalis analis in the male, viewed 
from the left side. 

The continence apparatus, or continence organ, Controls the closing 
(continence) and opening (defecation) of the rectum and provides a 
tight closure before and after evacuation of solid, liquid and gas bowel 
contents. 

It consists of a distensible hollow organ as well as vascular and mus- 
cular continence mechanisms, including their neural control. These an- 
giomuscular continence mechanisms are integrated into a structurally 
narrow segment, which begins at the level of the flexura perinealis and 
continues along the canalis analis: 

• Distensible hollow organ: 

- rectum with stretch receptors, mainly in the ampulla recti (vis- 
cerosensory innervation) 

- anus with distensible skin in the canalis analis (somatosensory in¬ 
nervation); 


• Muscular continence: 

- m. sphincter ani internus (visceromotor innervation) 

- m. sphincter ani externi (somatomotor innervation) 

- m. levator ani, especially the m. puborectalis (somatomotor inner¬ 
vation); 

• Vascular continence: 

- hemorrhoidal plexus (permanently distended cavernous tissue 
that subsides only during defecation); 

• Neural control: 

- visceral and somatic nervous system (mainly from S2-S4) with the 
nn. splanchnici pelvici, n. pudendus and plexus rectales. 

Functionally, both continence and defecation are the resuit of a fine- 
tuned feedback loop between receptors and effectors ofthe continence 
apparatus with involvement ofthe Central nervous system (see p. 236 f). 
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B Epithelial regions ofthe canalis analis (after Lullmann-Rauch) 

In the canalis analis, the unilayered columnar epithelium of the colorec¬ 
tal tunica mucosa at the level ofthe zona transitionalis analis is continu- 
ous with the stratified squamous epithelium ofthe anoderm and perianal 
skin. The transition occurs near characteristic landmarks. The canalis ana¬ 
lis can be divided into the following epithelial regions: 


• colorectal zone between junctio anorectalis and supratransitional 
line; homogeneous colorectal mucosa with crypts; 

• zona transitionalis at the level of the columnae anales (between su¬ 
pratransitional line and linea pectinata) mosaic patterns of colorec¬ 
tal mucosa, unilayered columnar epithelium and stratified squamous 
epithelium; 

• squamous zone between linea pectinata and linea anocutanea: 
evenly covered by stratified, nonkeratinized squamous epithelium, 
which is intimately attached to the underlying m. sphincter ani inter¬ 
nus, hence its whitish appearance (white zone). Deep sensory inner¬ 
vation with touch, pressure, temperature and mainly pain receptors 
(clinically: anoderm); 

• perianal skin below the linea anocutanea: start of the stratified 
squamous epithelium ofthe outer layer ofthe skin (heavy pigmenta- 
tion, eccrine and apocrine sweat glands and hair follicles). 

Note: Knowledge about the epithelial regions of the canalis analis is im¬ 
portant mainly for the differentiation between rectal (usually adenocar- 
cinoma) and anal carcinoma (of keratinizing or non-keratinizing squa¬ 
mous epithelium). 
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C Structure ofthe muscular continence mechanism 

a Midsagittal section, viewed from the left side; b M. puborectalis 
sling and anorectal angle: relaxed muscle (left) and contracted muscle 
(right). 

The complex system of anal sphincters involves both smooth and stri- 
ated muscles. Whereas the smooth muscles represent the direct contin- 
uation ofthe muscles ofthe rectal wall, the striated muscles are formed 
by specialized areas of the pelvic floor muscles. Thus, these muscular 
continence mechanisms are maintained under both somatic-voluntary 
and visceral-involuntary control. 

Involuntarily innervated smooth muscles: 

• M. sphincter oni internus: most significant smooth muscle; as the con- 
tinuation of the stratum circulare tunicae muscularis of the rectum, 
it forms a strong circular ring. Sympathetic nerve fibers and the ab- 
sence of enteric ganglion cells (aganglionosis) allow it to maintain 
constant tonic activity to help constrict the canalis analis (the inter- 
nal sphincter is responsible for 70% of fecal continence); 

• Lomina muscularis mucosae ofthe canalis analis: as the continuation of 
the lamina muscularis mucosae, it extends beyond the hemorrhoidal 
plexus and ends at the linea pectinata; stabilizes the hemorrhoidal 
plexus and holds it in place; 

• Corrugator ani: as the continuation of the stratum longitudinale of 
the tunica muscularis of the rectum, the muscle fibers extend be¬ 
yond the canalis analis, permeate through the subcutaneous part of 
the m. sphincter ani externus and insert into the perianal skin. M. 
corrugator ani owes its name to the fact that muscle contraction pro¬ 
duces radial wrinkles on the perianal skin. 

Voluntarily innervated striated muscles: 

• M. sphincter ani externus: cylindrical muscle that encircles the outside 
wall ofthe canalis analis, made up ofthree recognizable parts: par¬ 
tes profunda, superficialis, and subcutanea. Whereas the partes pro¬ 
funda and subcutanea are arranged in circular layers, the pars super¬ 
ficialis extends between the anteriorly located corpus perineale and 
the posterior lig. anococcygeum and surrounds the canalis analis and 
serves as a clamp. It is largely composed of type I fibers, which are 
slow, durable, and fatigue resistant. 

• M. puborectalis: as the innermost portion of the m. levator ani, it 
forms a strong sling of muscle, which loops around the rectum at the 
level of the junctio anorectalis and is closely aligned to the pars pro¬ 
funda of the m. sphincter ani externus. It arises from the fixed end 
of the os pubis, so when the m. puborectalis contracts it creates a 
“kink” between canalis analis and rectum at the anorectal angle. 
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c During defecation 


D Structure ofthe vascular continence mechanism 

a Longitudinal section ofthe canalis analis with the hemorrhoidal plexus 
windowed; b and c Hemorrhoidal plexus at rest and during defecation. 
Above the linea pectinata at the level ofthe columnae anales in the sub¬ 
mucosa lies a cavernous body, the hemorrhoidal plexus. Its elasticity 
largely ensures liquid- and gas-tight closure ofthe rectum. The circular 
configuration of the hemorrhoidal plexus is similar in structure to the 
corpus cavernosum penis but differs in that it is permanently distended. 
The hemorrhoidal plexus is a network of cavernous tissue and is almost 
exclusively supplied by three branches of the a. rectalis superior (at 3, 
7 and 11 o’clocl< in the lithotomy position), which further divide near 
the columnae anales (see p. 265). Blood reaches the venous drainage 
system via arteriovenous anastomoses through transsphincteric veins— 
largely along the m. sphincter ani internus—and reaches the drainage 
area of the v. mesenterica inferior (and is carried to the v. portae hepa¬ 
tis) but also partially through the vv. rectales mediae and inferiores to 
the perianal veins of the external venous plexus. When the sphincter 
apparatus relaxes during defecation, it allows blood to drain from the 
hemorrhoidal plexus. 

Note: Abnormal dilation (hyperplasia) of the hemorrhoidal plexus be¬ 
yond the physiological range leads to hemorrhoidal disease, one ofthe 
most common proctological disorders (see p. 238f). 
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18.9 Continence Organ: 
Function 



A Innervation (after Stelzner) 

a Somatomotor and somatosensory innervation; b Visceromotor and 

viscerosensory innervation. 

• Somatomotor: n. pudendus for the m. sphincter ani externus, levator 
nerves for the m. levator ani (especially the m. puborectalis). They 
provide active, partially voluntary innervation of the m. sphincter ani 
externus and m. levator ani. 

• Somatosensory: nn. rectales inferiores for the anus and perianal 
skin. Arising from the n. pudendus, they transmit touch and espe¬ 
cially pain sensation. The skin of the anus is extremely sensitive to 
pain. Even small tears in the anal skin, which often show inflamma- 
tory changes, tend to be extremely painful. 


• Visceromotor: nn. splanchnici pelvici (S2-S4) for the m. sphincter ani 
internus. The resting tone of the internal sphincter helps to main- 
tain closure ofthe canalis analis and inhibits venous drainage from 
the hemorrhoidal plexus; the corpus cavernosum remains distended, 
contributing to fecal continence and flatus control. Topographically, 
the nn. splanchnici pelvici are closely related to the plexus rectales. 

• Viscerosensory: nn. splanchnici pelvici (S2-S4) supply the wall of 
the rectum, particularly the stretch receptors in the ampulla recti. 
Stretching ofthe ampulla by the fecal column triggers a subjective 
awareness ofthe need to defecate. 


B Mechanism of defecation (after Wedel; see right page) 
a Filling of the ampulla recti; b Relaxation of the voluntarily controlled 
sphincters and propulsion of fecal column. 

Both defecation and continence are under Central nervous system con¬ 
trol involving different anatomical structures ranging from the cortex 
cerebri to the perianal skin, with the anorectum being one of multiple 
effectors. Directly involved are the diaphragma pelvis, muscles used dur- 
ing squatting, the abdominal press as well as autonomic and sensory 
nerves along with their higher nerve centers. 

Filling ofthe ampulla recti and stimulation of local stretch receptors 
in the ampullary wall: When the fecal bolus is propelled into the am¬ 
pulla recti by anterogradely propagating waves, mechanoreceptors de- 
tect distension and transmit the information via visceral afferents in the 
funiculus posterior medullae spinalis to the sensory cortex, which per- 
ceives the urge to defecate. Olfactory, visual, or acoustic stimuli can ei- 
ther accelerate or decelerate the perception and subsequent voluntary 
action, which results in defecation. 

Rectoanal inhibitory reflex and relaxation of the voluntarily inner- 
vated sphincters: When the ampulla filis with feces, the intrarectal 


pressure increases and the m. sphincter ani internus relaxes, followed 
by voluntary relaxation ofthe m. puborectalis sling and the m. sphinc¬ 
ter ani externus. As a resuit, the anorectal angle straightens and the ca¬ 
nalis analis widens. 

Propulsion of fecal column: Rectal evacuation is assisted by a direct in- 
voluntary increase in pressure in the rectal area and by simultaneous in- 
crease in pressure by the contraction of voluntarily innervated muscles: 
abdominal (abdominal press), perineal (pelvic floor lift), diaphragmatic 
(diaphragma contraction) and glottic (glottis closure) muscles. The 
squatting position further increases abdominal pressure (flexor reflex). 
With the propulsion ofthe fecal column, the hemorrhoidal cushions are 
drained and pushed out. 

Completion of defecation: After the sphincter apparatus allows the fe¬ 
cal column to pass through, it comes in contact with the highly sensi¬ 
tive anoderm, which perceives the volume, consistency, and location of 
the stool. This perception initiates the voluntary process of completing 
defecation. Defecation is completed once the sphincter apparatus con- 
tracts and the hemorrhoidal plexus filis up. 
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18.10 Disorders of the Canalis Analis: 

Hemorrhoidal Disease, Anal Abscesses, and Anal Fistulas 


Grade I 


Grade II 


Grade III 


Grade IV 






A Hemorrhoidal disease 

Hemorrhoidal disease is one ofthe most common proctological disor¬ 
ders. The site of origin is the circular hemorrhoidal plexus of the cavern- 
ous body ofthe rectum located above the linea pectinata. It is largely 
responsible for the fine adjustment of anal continence. Hemorrhoid is a 
general term used to describe hyperplasia (enlargement) of a corpus 
cavernosum with arterial blood supply, a condition which initially does 
not cause any symptoms. Hemorrhoids become pathological once they 
become symptomatic (bleeding is bright red from arterial blood, mucus 
discharge, itching, burning, fecal soiling, etc.) and when they require 
treatment (hemorrhoidal disease). Most commonly, hemorrhoids resuit 
from increased pressure on the anus during defecation, often caused by 
chronie constipation as a resuit of a lack of fiber and fluids in the diet. 
Another cause is impaired venous return due to increased m. sphincter 
ani tone as this may lead to the hemorrhoidal plexus taking on a gnarled 
appearance. Diagnosis and classification of hemorrhoids are based on 
examination, palpation, and proctoscopy ofthe canalis analis. Depend- 
ing on the severity ofthe hemorrhoids and their symptoms, they are di- 
vided into four grades: 

• Grade I (a): swollen, elastic cushions of tissue that are visible only on 
proctoscopy (located above the linea pectinata) and may cause pain- 
less bright red bleeding (painless because the swollen cushions are 
located above the anoderm); 


• Grade II (b): visibly hyperplastic vascular cushions, which can pro¬ 
lapse inside or outside ofthe canalis analis during defecation or while 
pressing but retract immediately after emptying the bowels. Drip- 
ping blood and mucus discharge may cause oozing or itching, a con¬ 
dition also known as perianal eczema; 

• Grade III (c): during defecation or while the intra-abdominal pressure 
is increased, hemorrhoids prolapse spontaneously and require man- 
ual repositioning. Possible thrombosis or incarceration of the pro- 
lapsed knot may cause significant pain; 

• Grade IV (d): at this stage, the nodular enlargements and large parts 
ofthe canalis analis, including the highly pain-sensitive anoderm, are 
permanently prolapsed (irreducible) and attached to the anal margin 
(also known as an anal prolapse). 

Note: Uniike in the German medical terminology, the Anglo-American 
and Swiss terminology distinguish between internal and external hemor¬ 
rhoids. Internal hemorrhoids originate from the internal plexus venosus 
rectalis, external hemorrhoids are subcutaneous clots at the margin of 
the anus (e.g., perianal thromboses). In our assessment, however, exter¬ 
nal hemorrhoids are simply hyperplastic vascular cushions ofthe plexus 
venosus rectalis with their arterial blood supply that have prolapsed to 
the outside. 



B Conditions of the perianal skin with and without 
hemorrhoidal disease 

a Normal anatomy ofthe perianal area in a 38 year old female patient; 
b Grade IV hemorrhoids in a 54 year old female patient: mucosal pro¬ 


lapse at the commissura laborium anterior combined with right- and 
left-lateral anal skin tags (harmless, generally asymptomatic perianal 
skin folds) (from Rohde, H,: Lehratlas der Proktologie. Thieme, Stuttgart 
2006). 
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Hemorrhoidal node Applicator 



Rubber band tissue 

C Therapeutic possibilities in hemorrhoidal disease 

Treatment for hemorrhoidal disease is mainly aimed at prevention, re- 
moval of hemorrhoids, and restoration of the normal anatomy and 
physiology ofthe affected areas. Thus, the therapeutic possibilities can 
be divided into preventive measures and symptomatic (conservative, 
semi-invasive, surgical) treatment: 

• Preventive measures: focus on informing patients about advisable 
nutritional habits (switching to a fiber-rich, low-fat diet with suffi¬ 
cient fluid intake, avoiding alcohol, tobacco, and hot spices) and im- 
proving bowel habits (defecating only when feeling the urge to have 
a bowel movement, avoid straining, no laxatives, proper but not ex- 
cessive anal hygiene); 

• Conservative measures: local treatment using ointments, supposi- 
tories, anal tampons, and sitz baths to alleviate symptoms; 

• Semi-invasive measures: sclerotherapy (e.g., after Blond), rubber 
band ligation (after Barron), and Doppler ultrasound-guided hemor¬ 
rhoidal arterial ligation have proven effective as treatments especially 
for grade I and grade II hemorrhoids. In sclerotherapy, 0.5-1.0 ml 
polidocanol is injected submucosally above the linea pectinata. Poli- 
docanol is a sclerosing agent that damages the endothelium ofthe 
blood vessels, which are then replaced by fibrous tissue. This treat¬ 
ment is aimed at fixing the hemorrhoids. Rubber band ligation is the 
preferred method to treat grade II hemorrhoids (see fig.). Using a 
special applicator, excess hemorrhoidal tissue is tied off with a rubber 
band. The necrotic tissue falis off within one to two weeks. Hemor¬ 
rhoidal artery ligation (HAL) helps to reduce the blood supply to the 
enlarged vascular cushions and makes them shrink. 

• Surgical measures: grade III and grade IV hemorrhoids require surgi¬ 
cal intervention. Common surgical procedures include hemorrhoid- 
ectomy after Millian-Morgan and a procedure known as stapled hem- 
orrhoidopexy after Longo. Hemorrhoidectomy involves radial-seg- 
mental excision and ligation of the enlarged cushions. For stapled 
hemorrhoidopexy, a special device is inserted with which to reposi- 
tion the prolapsed hemorrhoids and to resect a ring of mucosa from 
the proximal canalis analis along with parts ofthe hemorrhoidal tis¬ 
sue. A circular stapler is used to fix the remaining tissue in place. This 
procedure offers a significant advantage in that it results in less post¬ 
operative pain because the staple line is placed in the area ofthe rec- 
tal mucosa that does not receive sensory innervation. 


M. levator ani 



a Proctodeal gland b Anal fistulas Anal abscesses 


D Anal fistulas and anal abscesses 

The symptoms of both of these conditions are closely related and are al- 
most always caused by the same disorder: an infection of the rudimen- 
tary proctodeal glands (see p. 233). Usually, the anal abscess represents 
the acute and the anal fistula the chronie manifestation of the crypto- 
glandular infection. Based on the anatomy of the proctodeal gands— 
which most commonly are located within the intersphincteric space 
near the commissura laborium posterior and open into the sinus anales 
(a)— anal fistulas and anal abscesses (b) are classified according to their 
course or location relative to the sphincter apparatus: 

• Anal fistulas (typical fistulas are complete, meaning they have an in- 
ternal opening into the canalis analis and an external opening in the 
skin; hence two openings—one in the sinus analis and one in the peri- 
anal skin): 

© Intersphincteric fistula: 50-70% of all anal fistulas, pierces the m. 
sphincter ani internus; 

© Transsphincteric fistula: 30-40% of all anal fistulas, pierces both 
the mm. sphincteres ani internus and externus; 

© Suprasphincteric fistula: approximately 5% of all anal fistulas, 
passes upward between the sphincters and crosses the m. pu¬ 
borectalis sling; 

@ Subcutaneous or subanodermal fistula: 5-10% of all anal fistulas, 
does not pierce either sphincter but passes directly below the ca¬ 
nalis analis and opens in the perianal skin (synonym: marginal fis¬ 
tula); 

© Atypical fistula: approximately 5% of all anal fistulas, does not be- 
gin at the proctodeal glands but passes from the ampulla recti 
through the m. levator ani and has an external opening on the 
skin (also known as extrasphincteric fistula), common symptom 
of Crohn’s disease. 

• Anal abscesses (resuit from fistulas that don’t have an external open¬ 
ing and thus end blindly): 

© Intersphincteric abscess: within the proctodeal glands; 

© Subcutaneous or subanodermal abscess: perianal or around the 
canalis analis; 

© Ischiorectal or infralevator abscess: below m. levator ani in the 
fossa ischioanalis; 

@ Pelvirectal or supralevator abscess: between the rectum and m. 
levator ani funnel in the pararectal fascia. 

Note: Anal fistulas and anal abscesses always require adequate surgical 
therapy. Anal abscesses in particular are accompanied by severe pain, 
fever, and leukocytosis and are generally an indication for emergency 
treatment. The aim of surgical treatment of anal fistulas in addition to 
sealing the fistula channel is to treat the infection of the proctodeal 
glands to prevent relapse. Exact knowledge ofthe anatomical relation- 
ships is crucial for a successful treatment. 
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18.11 Rectal Carcinoma 



A Adenomatous polyps ofthe intestinum crassum 

a Tubular; b Tubulovillous; c Villous polyps. 

Adenoma is a type of benign epithelial tumor (neoplasia) that originates 
in glandular tissue. When it originates in the large bowel mucosa, it of- 
ten extends beyond the mucosa and grows in a polypous fashion (hence 
the term “large bowel polyps”). According to their morphological ap- 
pearance, they are divided into 

• Tubular adenomas (75% of all large bowel polyps): most commonly 
pedunculated and smallerthan 2cm; 

• Tubulovillous adenomas (15% of all large bowel polyps): mixed, sig- 
nificantly higher risk of malignant transformation than tubular ade¬ 
noma; 

• Villous adenomas (10% of all large bowel polyps; high—30%-risk of 
malignant transformation): hairy-appearing surface and overall flat- 
ter than tubular adenomas; because they are broad-based they are 
more difficult to remove endoscopically, hence there is a high risk of 
relapse. 

Note: All adenomas can develop into cancer. The risk of malignant trans¬ 
formation correlates with the size ofthe polyp, its histological type, and 
the degree of dysplasia (e.g., degree of differentiation). 



B Frequency and risk factors of colorectal carcinoma 

Colorectal carcinoma is the most common cancer of the gastrointesti- 
nal tract in the Western world. In Europe and the United States, colorec¬ 
tal carcinoma accounts for 15% of all newly diagnosed cancers with in- 
creasing incidence rates. In Germany alone, with 60,000 new cases each 
year, colorectal adenocarcinoma is the second most common form of 
cancer regardless of gender (more than half of patients die from it). Al- 
most 45% of these tumors develop in the rectum (see fig.). It is not ciear 
what causes colorectal cancer but the following exogenous and endog- 
enous risk factors appear to play a role: 

• Exogenous risk factors: 

- high-meat, high-fat, low-fiber diet 

- insufficient intake of vitamins (folic acid, vitamins A, C, E) and trace 
elements (selenium) 

- alcohol consumption 

- asbestos exposure 

- low socioeconomic status (associated with malnutrition, see above) 

- physical inactivity; 

• Endogenous risk factors: 

- adenomatous polyps ofthe intestinum crassum 

- frequent occurrence of colon cancer in families 

- inflammatory bowel diseases (e.g., ulcerative colitis, Crohn’s dis- 
ease). 

Note: Colorectal cancer does not include canalis analis tumors (1 %). 


C Cancer screening 

Early detection of cancer through screening is particularly helpful in the 
case of colorectal carcinoma. This is due to the relatively long latency 
period of several years that it takes for the primarily benign adenoma to 
transform into cancer. Benign colorectal tumors predominantly begin as 
polypoid changes in the colorectal mucosa (tubular, villous, and tubulo¬ 
villous adenomas that may be pedunculated or broad-based and occur 
as solitary or multiple lesions), with the greatest tendency for malignant 
change in villous adenomas (30%) (see A). Guideline-recommended 
colorectal cancer screenings include annual fecal occult blood testing 
(hemoccult testing to begin at age 40), digital rectal examination and 
a colonoscopy (to begin at age 55) with the option of direct primary in- 
tervention to remove neoplastic cells. CT colonography (virtual colonos¬ 
copy) offers an additional, less invasive alternative to the conventional 
endoscopic examination. An extensive body of research shows that en- 
doscopic diagnosis results in an impressive reduction of the incidence 
and mortality rate by 60-80%. 
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D Rectal and anal endosonography 

In rectal and anal endosonography, the layers ofthe anorectal wall and 
surrounding structures are clearly displayed with high spatial resolution. 
Whereas endorectal ultrasound images display primarily the layers of 
the rectal wall, the endoanal ultrasound allows the evaluation of the 
mm. sphincteres and the diaphragma pelvis. In order to correctly assess 
results of endosonographic imaging, thorough knowledge ofthe anat- 
omy is crucial. The transverse orientation with a 360-degree transducer 
is the most commonly used imaging plane employed in endosonogra¬ 
phy; it facilitates precise anatomical localization ofthe displayed struc¬ 
tures. 

a Anal endosonography: technique to display the sphincter apparatus 
in the canalis analis; the circular hypoechoic m. sphincter ani inter¬ 
nus (IAS), which is continuous with the hyperechoic tela submucosa 
(SM) (parts ofthe hemorrhoidal plexus), serves as landmark. Outside 
the m. sphincter ani internus lies the m. sphincter ani externus (EAS), 
which exhibits a mixed echogenic pattern. As a continuation of the 
stratum longitudinale tunica muscularis (LM), fibers ofthe m. corru¬ 
gator ani are visible as a thin hypoechoic layer in the intersphincteric 
space. 

b Rectal endosonography: large circular rectal tumor that infiltrates 
the perirectal fat tissue. Rectal endosonography is used in the preop- 
erative staging of rectal carcinoma to determine the depth of pen- 
etration into the rectal wall and the number of malignant nodi lym¬ 
phoidei regionales. This information is essential with regards to the 
surgical approach: complete removal of the rectum (abdominoper- 
ineal excision), preserving fecal continence (total mesorectal exci- 
sion, see E), or localized treatment (from: Dietrich, Ch. [Hrsg]: En¬ 
dosonography, Lehrbuch und Atlas des endoskopischen Ultraschalls. 
Thieme, Stuttgart 2007). 


E Total mesorectal excision (TME) 

Sphincter preservation can be achieved in 80% of surgeries for rectal 
cancer. One precondition for a sphincter sparing procedure is that the 
distal margin ofthe tumor is at least 6 cm above the linea anocutanea. 
Introduction of total mesorectal excision (TME) has significantly im- 
proved oncologic outcomes (reduction of local recurrence rates) espe- 
ciallyfor carcinomas situated in the middle or lowerthird ofthe rectum. 
TME takes into account the pattern of regional metastasis not only by 
removing the tumor, which may have infiltrated the perirectal fat tissue, 
but also by completely resecting the regional lymphatic drainage area. 
Additionally, the surgical treatment is guided by the plexus autonomici 
of the pelvis (plexus hypogastricus inferior) mainly to prevent voiding 
and prostata dysfunction. Hence, the procedure is also referred to as 
nerve-oriented or nerve-guided mesorectal excision (see p. 373). 
Operative approach: After preparing the lymphovascular pedicle ofthe 
superior rectal vessels, the a. and v. mesentericae inferiores are ligated 
centrally (vascular ligation). The a. mesenterica inferior is ligated 2 cm 
distal to its origin so as not to damage the plexus autonomicus around 
the aorta. In the posterior direction, the actual TME includes the en- 
tire retrorectal pad of fat (i.e., the mesorectum is included in the mobi- 
lized segment) and occurs along the retrorectal space (black arrow; see 
also p. 373) between the fasciae pelvis visceralis (rectal fascia) and pari¬ 
etalis. In the anterior direction the mobilization occurs in the prerectal 
space along the fascia rectoprostatica (Denonvilliers’), and in lateral di¬ 
rection the entire area extending to the pelvic wall (the pararectal fas¬ 
cia) is mobilized while protecting the nn. hypogastricus and splanchnici 
pelvici. After mobilization ofthe rectum to the m. levator ani and after 
the m. puborectalis sling has been identified, the rectum is resected 
with a safety margin of 2 cm. A stapling device is used to attach the co¬ 
lon to the rectal stump, a procedure known as a coloanal anastomosis. 
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18.12 Hepar: 

Position and Relationship to Adjacent Organs 
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A Projection of the hepar onto the trunk and adjacent organs; 
palpation ofthe hepar 

a Anteriorview, b posteriorview, c palpation ofthe liver. 

The hepar is situated mainly in the right upper quadrant but extends 
across the epigastrium into the left upper quadrant, lying anterior to 
the gaster. The lobus hepatis dexter is closely related to the right ren 
and flexura coli dextra. Owing to the dome ofthe hemidiaphragm, the 
cavitas pleuralis overlaps the anterior and posterior surfaces ofthe he¬ 
par. Because the hepar is attached to the inferior surface of the dia¬ 
phragma, its position is significantly affected by respiratory excursions. 


It also depends on posture and age: The hepar descends in the standing 
position, and it is also affected by the gradual settling of organs that oc- 
curs with aging. The hepar is palpated (c) most easily by having the pa¬ 
tient lie supine with the abdominal wall relaxed (legs drawn up) and ex- 
hale fully (the hepar rises with the diaphragma), followed by a full inha- 
lation. This causes the hepar to fall, and its sharp margo inferior (see B) 
can be palpated at the margin ofthe ribs. If the hepar is abnormally en- 
larged (hepatomegaly), it may occasionally extend to the apertura pel¬ 
vis superior. 


B Liver in situ: Location ofthe hepar in the 
cavitas abdominis 

Anterior view of the opened abdomen, the cor 
and pulmones have been removed; the lig. fal¬ 
ciforme and lig. teres hepatis have been tran- 
sected anteriorly. 

The hepar occupies the right regio hypochon¬ 
driaca and extends across the regio epigastrica 
and into the left upper quadrant. The gaster is 
visible at the margo inferior of the lobus hepa¬ 
tis sinister, and the vesica biliaris is visible at 
the margo inferior of the lobus dexter. 

Note: Owing to the dome-shaped structure of 
the diaphragma, the hepar and cavitas thorac¬ 
ica lie on the same horizontal plane and they 
partially overlap. Thus, perforating injuries of 
the cavitas thoracis containing the pulmones 
may also involve the cavitas abdominis con¬ 
taining the hepar. This is known as a multicav- 
ity injury. 
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C The hepar in situ after the omentum minus has been opened 

Anterior view of the opened upper abdomen, the hepar and splen have 
been lifted. 

The omentum minus has been opened allowing a direct view into the 
bursa omentalis. A small section ofthe cavitas pleuralis is visible imme- 
diately to the right and slightly above the lobus hepatis dexter (see p. 
245). The anterior border ofthe hepar, which points downward in situ, 
has a sharp edge that is clearly palpable when the hepar is enlarged. The 
inferior surface of the hepatis bears a fossa for the vesica biliaris (see 
p. 248), whose fundus is directed anteriorly toward the abdominal wall 
and extends slightly past the margo inferior hepatis. The right portion 


ofthe omentum minus, the lig. hepatoduodenale, transmits the blood 
vessels ofthe hepar (a. hepatica propria and v. portae hepatis) and the 
ductus choledochus. The contour ofthe right ren can be seen on the in¬ 
ferior surface ofthe lobus hepatis dexter. 

Note: The opening ofthe vv. hepaticae into the v. cava inferior is located 
just below the diaphragma (see p. 249), just a few centimeters from the 
atrium dextrum of the cor. Thus, in cases where the right side of the 
cor has lost pumping power (right-sided heart failure), blood may en- 
gorge the liver, causing palpable hepatic enlargement. When palpating 
the liver, the examiner should take into account the variable position of 
the organ (see Ac). 
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18.13 Hepar: 

Peritoneal Relationships and Shape 
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A Peritoneal covering ofthe hepar 

Posterior view of the upper part of the facies diaphragmatica of the he¬ 
par. The hepar is surrounded by a capsula fibrosa with extensioris that 
pass into the hepar and transmit neurovascular structures. Most of 
the surface of the hepar is covered by glistening peritoneum viscerale, 
which is external to the capsula fibrosa. Only the area nuda, which is 
highly variable in extent, lacks a peritoneal covering; it has a rough ap- 
pearance because the capsula fibrosa forms its surface. The vv. hepati¬ 
cae (usually three in number) leave the hepar in the area nuda, and thus 
outside the peritoneal covering. This is different from all other intraperi- 


toneal organs, which have mesenteric structures for transmitting their 
veins and arteries. In the case ofthe hepar, only the afferent arte ry, affer¬ 
ent v. portae hepatis, and ductus choledochus course in the lig. hepato¬ 
duodenale (see Cb), while the efferent veins do not. At sites where the 
peritoneum viscerale is reflected into the peritoneum parietale on the 
inferior surface of the diaphragma, the delicate peritoneal epithelium 
is often backed by connective tissue to form a ligamentous band (lig. 
coronarium hepatis, see Ca). This connective tissue is drawn out into a 
tapered band at the extremity of the lobus hepatis sinister (appendix fi¬ 
brosa hepatis). 
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B Area nuda of the hepar and the hepatic surface of the 
diaphragma 

Posterior view ofthe facies diaphragmatica ofthe hepar (a) and the infe¬ 
rior surface ofthe diaphragma (b). The lines of peritoneal reflection on 
the hepar and diaphragma demonstrate the mirror-image correspon- 


dence ofthe area nuda with the hepatic surface ofthe diaphragma. The 
area nuda is firmly attached to the inferior surface ofthe diaphragma by 
peritoneal reflection (ligg. coronaria), rendering the hepar immobile de- 
spite its intraperitoneal location. 
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C Hepar: Facies diaphragmatica and visceralis 
a Anterior view of the facies diaphragmatica. Two lobi are visible in 
this view: the larger lobus dexter and the smaller lobus sinister. Be- 
tween the two lobi is the lig. falciforme ofthe hepar, a “ventral mes- 
entery” that extends to the anterior abdominal wall. 
b Inferior view of the facies visceralis. Two more of the four hepatic 
lobes are visible in this view: the lobus caudatus and lobus quadratus. 
The facies visceralis also contains the porta hepatis where neurovas- 
cular structures enter and leave the hepar (ductus hepaticus commu¬ 
nis, a. hepatica propria, v. portae hepatis). Topographically, the lig. 


hepatoduodenale is a component ofthe omentum minus. The extent 
of the lig. hepatoduodenale can be appreciated by noting the cut 
edge of peritoneum viscerale surrounding the trias hepatica. Along 
with the lig. hepatogastricum, it creates a “dorsal mesentery” for the 
liver. The numerous impressions from adjacent organs are seen this 
plainly only in a hepar that has been chemically preserved. The ve¬ 
sicula biliaris is closely applied to the facies visceralis of the hepar. 
Its fundus extends slightly past the margo inferior hepatis, and its 
neck is directed toward the porta hepatis, where it comes into con- 
tact with the extrahepatic bile ducts. 
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18.14 Hepar: 

Segmentatiori and Histology 



A Segmentation ofthe hepar 

Anterior view. The a. hepatica propria, v. portae hepatis, and ductus he¬ 
paticus communis enter/exit the hepar at the porta hepatis as the “trias 
hepatica.” The Central branch first divides into two larger branches, 
functionally subdividing the hepar into partes hepatis sinistra (yellow) 
and dextra (purple). The boundary between the partes hepatis sinistra 
and dextra is an imaginary line that roughly connects the fossa vesi¬ 
cae biliaris to the v. cava inferior (caval-gallbladder line, see Cb). Thus 
it is not identical to the externally visible boundary formed by the lig. 
falciforme (see p. 245). The trias hepatica continues to ramify within 
the liver, forming a total of eight segmenta that are more or less func¬ 
tionally independent of one another. This allows the surgeon to resect 
one or more hepatic segmenta without damaging the hepar as a whole. 
Additionally, the remaining hepatic segmenta have a high regenerative 
potential. In the diagram above, the hepar has been “exploded” at its 
Virtual segmental boundaries to demonstrate the position and shape of 
its segmenta (numerical designations are shown in B and C). 
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B Hepatic segmenta grouped by parts and divisions 
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• Divisio lateralis 

• Segmentum posterius laterale 


sinistra 

sinistrum (segmentum II) 

• Segmentum anterius laterale 
sinistrum (segmentum III) 


• Divisio medialis 

• Segmentum mediale sinistrum 


sinistra 

(segmentum IV), subdivided 
into subsegment IVa (above) 

Pars hepatis 


and IVb (below) 

dextra 

• Divisio medialis 

• Segmentum anterius mediale 


dextra 

dextrum (segmentum V) 

• Segmentum posterius mediale 
dextrum (segmentum VIII) 


• Divisio lateralis 

• Segmentum anterius laterale 


dextra 

dextrum (segmentum VI) 

• Segmentum posterius laterale 
dextrum (segmentum VII) 


C Projection of segmental boundaries onto the surface of the 
hepar 

Views of the facies diaphragmatica (a) and facies visceralis of the 
hepar(b).* The segments defined by the divisions ofthe portal vascular 
triad (see A) are projected onto the surface of the hepar with their Vir¬ 
tual boundaries. In this way the pattern of hepatic segmentation, which 
is based on vascular distribution, can be directly compared with the tra- 
ditional division ofthe liver into four lobi based on external morphologi- 
cal criteria. For surgical purposes, it is useful to group the segmenta by 
partes and divisiones (see B) because the portion of the liver selected 
for surgical resection may encompass not just one segmentum but two 
neighboring segmenta or the entire pars hepatis dextra or sinistra. Sur- 
geons can positively identify the hepatic segmenta by ligating the feed- 
ing vessels until the segmentum or segmenta become discolored due to 
loss of blood supply. 

* Blue line in b: caval-gallbladder line 
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Branch of 
a. hepatica propria (a. 
interlobularis) 


Branch of v. portae 
hepatis (v. 
interlobularis) 



Branch of a ductus 
hepaticus (ductus biliferi 
interlobularis) 


Hepatocyte 


D Histological appearance of a portal area 

Hematoxylin and eosin stain, magnification approximately 540x. The 
trias hepatica of the hepar, while grossly visible at the porta hepatis, 
ramifies into a network of microscopic branches embedded in connec¬ 
tive tissue: the portal area. The trias hepatica at this level consists ofthe 
a. hepatica propria, which becomes the a. interlobularis (situated be- 
tween several lobules), the v. portae hepatis, which becomes the v. in¬ 
terlobularis, and the ductus hepaticus communis, which becomes the 
ductus bilifer interlobularis. These structures are easily distinguished 
from one another by differences in their calibers, wall thickness, and 
wall structure: 

• A. interlobularis: thick wall, squamous epithelium, small lumen 

• V. interlobularis: thin wall, squamous epithelium, large lumen 


• Ductus bilifer interlobularis: cuboidal epithelium and very small lu¬ 
men 

Cirrhosis of the liver is characterized by a proliferation of connective 
tissue in the liver that is most conspicuous in the portal area and about 
the vv. centrales. Necrotic hepatocytes are permanently replaced by 
scar tissue. The sinuses—the capillary bed ofthe liver—are obliterated in 
the scarred areas, progressively diminishing the blood flow through the 
hepar. The afferent blood vessels are stili carrying the same amount of 
blood to the hepar, however. This causes obstruction of portal venous 
flow and an abnormal pressure increase (portal hypertension). In many 
cases the blood is returned to the right cor by an alternate route (porto- 
systemic collaterals, see p. 210). 


Lobulus hepatis Hepatocyte 



Interlobular triad 
(Clisson triad) 


E Structure of a Central venous lobule (lobulus hepatis) 

This is a three-dimensionol structural model of a lobulus hepatis based 
on studies of numerous histological sections (see D). It shows that each 
polyhedral lobulus hepatis is composed of hepatocytes that are arrayed 
around a v. centralis (hence the term “central venous lobule”). Ulti- 
mately the vv. centrales return their blood to the vv. hepaticae. The por¬ 
tal area (see D) in this model is located between adjacent lobuli at the 
points where the lobuli interconnect (hence the term “interlobularis” 
for the artery, vein, and bile duct). 

While the a. and v. interlobularis convey their blood into sinusoids that 
have a stable wall (see D), the canaliculi biliferi that transfer bile to 
the ductus bilifer interlobularis do not have their own walls. They also 
course between the hepatocytes, but on the opposite side from the si¬ 
nusoids. If biliary stasis develops between adjacent hepatocytes (e.g., 
due to hepatitis), the hepatocytes may separate and lose their inter- 
cellular contacts. Abnormally large interspaces may form, allowing the 
bile to escape from the canaliculi biliferi and seep to the opposite side 
ofthe cells, where it can enterthe sinusoids and bloodstream, causing a 
yellowish discoloration ofthe skin and mucous membranes (jaundice). 
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18.15 Vesica Biliaris and Ductus Biliares: 

Location and Relationships to Adjacent Organs 


Ductus lobi Ductus lobi Lobus hepatis 

caudati dexter caudati sinister sinister 




A Projection of the extrahepatic bile ducts onto the skeleton 

Viewed from the front, the vesica biliaris is projected at a point where 
the mid-clavicular line intersects the margo inferior ofthe ninth rib. The 
orifice ofthe ductus choledochus (which generally opensjointly with the 
ductus pancreaticus on the papilla duodeni major) lies approximately at 
the level ofthe corpus vertebrae L2. The vesica biliaris emerges beneath 
the right arcus costalis at approximately the L1 /L2 level. In certain dis- 
eases (e.g., cholecystitis), tenderness to pressure may be noted at this 
location. 


Fossa vesicae 

Vesica biliaria biliaris 


Porta hepatis 


R. sinister 

A. hepatica 
propria 

V. portae 
hepatis 


Ductus Lig. hepato- 

choledochus duodenale 


B Projection of the intra- and extrahepatic bile ducts onto the 
surface of the hepar 

Anterior view. Bile flows through the canaliculi biliferi (microscopic) into 
the small ductuli biliferi interlobulares in the portal area (see p. 247). 
These ducts coalesce to form increasingly larger units that drain a he- 
patic segmentum. The bile from all the segmenta ultimately drains into 
two large collecting vessels, the ductus hepatici sinister and dexter, 
which receive the small ductus lobi caudati sinister and dexter, respec- 
tively, while stili inside the hepar. The ductus hepatici dexter and sinis¬ 
ter unite to form the ductus hepaticus communis. Almost immediately 
the excretory duct ofthe vesica biliaris, the ductus cysticus, enters the 
side ofthe ductus hepaticus communis, which then becomes the duc¬ 
tus choledochus. 


C Topography of Calot’s triangle at the fissura portalis 

Inferoanterior view. The anterior margin of the lobus dexter has been 
pushed upward, the vesica biliaris has been lifted from its fossa and re- 
tracted to the right. The peritoneum has been opened in the area of 
the fissura portalis and the lig. hepatoduodenale. For better exposure, 
nerves, nodi lymphoidei and their pathways have been removed (after 
von Lanz and Wachsmuth). 95% of injuries to the extrahepatic ductus 
biliares are sustained intraoperatively, most commonly during cholecys- 
tectomies. Particularly with the minimally invasive surgical method to 
remove the vesica biliaris (laparoscopic cholecystectomy), the precise 
identification of anatomical structures is an essential aspect of this sur¬ 
gical procedure. Thus, before transecting the a. cystica and the ductus 
cysticus it is important to identify Calot’s triangle (trigonum cystohe¬ 
paticum), which is bordered by the a. cystica, ductus cysticus and duc¬ 
tus hepaticus communis. The fundus vesicae biliaris is grasped and re- 
tracted slightly superiorly to expose and open the trigonum cystohe¬ 
paticum. The structures that are to be transected are ligated with clips. 
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Peritoneum V. cava Aorta 

parietale inferior Vv. hepaticae Oesophagus abdominalis 


Lobus hepaticus 
dexter 

Ductus 
hepaticus sinister 

Ductus 
hepaticus dexter 

Ductus hepaticus 
communis 

Ductus cysticus 

A. hepatica 
propria 

Vesica biliaris 

Ductus 

choledochus 

Flexura 
coli dextra 

Ampulla hepato¬ 
pancreatica, 
opening 
on papilla 
duodeni major 



Cl. supra¬ 
renalis sinistra 


Truncus 

coeliacus 

A. splenica 

A. hepatica 
communis 

Cauda 

pancreatis 

Flexura coli 
sinistra 

Corpus 

pancreatis 

Ren sinister 

Jejunum 


Colon 

descendens 


Colon 

ascendens 


Duodenum, 
pars descendens 


Ductus Caput 

pancreaticus pancreatis 


Duodenum, A. and v. 

pars ascendens mesenterica superior 


D Relationship ofthe biliary tract to adjacent organs 

Anterior view of the opened abdomen. The gaster, intestinum tenue, 
colon transversum, and large portions ofthe hepar have been removed, 
and the peritoneum has been divided in the area ofthe lig. hepatoduo¬ 
denale. The vesica biliaris is partially contained in a fossa on the facies 


E Bile: Secretion, composition and function 
Secretioni 

Bile is a thin secretion (up tol 200ml/day) produced by the hepar (hepatic 
bile). After water and salts have been removed, the bile is stored in the 
vesica biliaris (gallbladder bile) or runs into the duodenum via bile ducts. 
The major driving force for the secretion of bile is ATP-powered pumps, 
which transport mainly bile acids and other substances to the canaliculi 
biliferi, and into which water follows by osmosis. 

Composition: 

Water, bile acids or their salts (e.g., cholate, deoxycholate), phospholipids 
(mainly lecithin), bile pigments (e.g., bilirubin), cholesterol, inorganic 
salts, etc. 

Enterohepatic circulationi 

98% ofthe bile salts secreted into the vesica biliaris are reabsorbed in the 
pars terminalis ilei, returned to the hepar via the v. portae hepatis, and 
secreted again from hepatocytes. In this way, bile salts are recycled up to 


visceralis ofthe hepar. The ductus choledochus passes behind the duo¬ 
denum toward the caput pancreatis. After passing through the caput 
pancreatis, the ductus biliaris frequently unites with the ductus pancre¬ 
aticus, as shown here. Both ducts then open together at the papilla duo¬ 
deni major in the pars descendens ofthe duodenum (see p. 250). 


10 times per day before they are excreted in the feces. 

Function: 

Bile has essentially two major functions: 

• Absorption of fat in the intestinum tenue: together with phospholip¬ 
ids, the bile salts emulsify insoluble lipids (through formation of lipid 
micelles); 

• Route for excretion of cholesterol and other waste products (e.g., bili¬ 
rubin, a by-product of hemoglobin breakdown). 

Gallstones: 

Gallstones are caused by changes in vesica biliaris bile composition (cho¬ 
lesterol and pigment stones). The stones themselves usually do not pro¬ 
duce any symptoms. Only the obstruction or inflammation of the bile 
ducts caused by the gallstones leads to symptoms (cholelithiasis, chole¬ 
cystitis). 
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18.16 Extrahepatic Ductus Biliares and Ductus Pancreatici 


Ductus hepaticus 
dexter 


Ductus cysticus 


Vesica biliaris, 
collum 


Vesica biliaris, 
infundibulum 


Vesica biliaris, 
corpus 


Vesica 

biliaris, 

fundus 


Papilla duodeni 
minor 

Papilla duodeni 
major 


Duodenum, 
pars descendens 


Ductus hepaticus sinister 

Ductus hepaticus communis 



Duodenum, 
pars superior 


Ductus 

choledochus 


Ductus 

pancreaticus 

accessorius 


Duodenum, 
pars inferior 


A Divisions of the extrahepatic ductus 
biliares 

Anterior view. The vesica biliaris has been 
opened, and the duodenum has been opened 
and windowed. The web-like pattern of plicae 
mucosae in the tunica mucosa vesicae biliaris 
is plainly seen. The mucosa between the plicae 
may be deepened to form crypts that can trap 
bacteria (with risk of cholecystitis). The larg- 
est part of the vesica biliaris is the corpus vesi¬ 
cae biliaris, which is joined to the collum vesi¬ 
cae biliaris by the funnel-shaped infundibulum 
vesicae biliaris. The collum leads to the duc¬ 
tus cysticus, which opens end-to-side into the 
ductus hepaticus communis, formed by the 
union of the ductus hepatici dexter and sinis¬ 
ter. The large duct formed by the union of the 
ductus cysticus and ductus hepaticus commu¬ 
nis is called the ductus choledochus. This duct 
often receives the ductus pancreaticus, both 
of which then discharge their secretions into 


the duodenum at the papilla duodeni major 
(of Vater). A short distance superior to the pa¬ 
pilla duodeni major is the papilla duodeni mi¬ 
nor, whose associated duct (ductus pancreati¬ 
cus accessorius) crosses in front of the ductus 
choledochus. The diagram illustrates a normal 
pattern of development in which the ductus 
hepaticus communis and pancreaticus unite to 
form an ampulla (variants are shown in D). 
Note: The combined termination ofthe ductus 
choledochus and ductus pancreaticus has two 
important implications: A tumor in the caput 
pancreatis may obstruet the ductus choledo¬ 
chus (causing biliary reflux into the hepar with 
jaundice), and a gallstone that has migrated 
from the vesica biliaris into the ductus choled¬ 
ochus may obstruet the terminal part of the 
ductus pancreaticus. The obstruction of pan- 
creatic secretions may incite a life-threatening 
pancreatitis. 


Endoscope 



a Catheter Catheter tip 



b 

B Endoscopic retrograde cholangiopancre- 
atography (ERCP) 

a Anterior view, duodenum opened anteriorly; 
b Image of the corresponding region using 
ERCP (b from: Moller, T.B,. E. Reif: Taschenatlas 
der Rontgenanatomie, 3. Aufl. Thieme, Stutt- 
gart 2006). 

ERCP is a technique that uses radiographic con- 
trast (see b) to display the ductus biliares, ve¬ 
sica biliaris and ductus pancreaticus. An en¬ 
doscope is used to locate the papilla duodeni 
(major or minor) and to inject contrast agent 
into the papillary orifice. A radiograph of the 
contrast-filled duct system can then be eval- 
uated. ERCP can also be used to remove gall- 
stones that have become impacted at the pa¬ 
pilla (endoscopic papillotomy) with the help of 
a scissor-cutting device fitted to the tip of the 
endoscope. Thus, ERCP is used for diagnosis 
and treatment. 
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Duodenum, 
tunica muscularis 


Stratum Stratum 

longitudinale circulare 



Wall of 
duodenum 





C Function and structure of the biliary sphincter system 
a Sphincters of the ductus choledochus and ductus pancreaticus. 

Each duct has its own sphincter system. Typically both of the ducts 
unite to form a large ampulla, the hepatopancreatic ampulla, which 
also has its own sphincter. The sphincter mechanism is supported by 
adjacent venous pads (not shown here) in the walls ofthe ducts. 
b Integration of the sphincter system in the duodenal wall. The mus- 
cles of both ducts blend with the sphincter muscle ofthe hepatopan¬ 
creatic ampulla, which passes through the duodenal wall. 

Note: The ampullary sphincter system works independently of the circu¬ 
lar muscle layer of the duodenal wall, allowing the sphincters to func¬ 
tion even during fasting when the duodenum is relaxed. In this state 
the ductal sphincters are contracted and bile is stored. When food is in- 
gested, the sphincter system opens and allows bile to flow into the du¬ 
odenum. The sphincter system forms a normal anatomical constriction 
where a gallstone may become lodged, obstructing the outflow of bile 
and pancreatic juice (pancreatitis, see A). The function ofthe sphincters, 
the discharge of bile by the vesica biliaris, and the production of bile 
by the hepar are controlled partially by the autonomic nervous system 
(especially the parasympathetic system) and partially by gastrointestinal 
hormones (e.g., cholecystokinin and secretin). 





D Extrahepatic bile ducts: Typical anatomy and variants 

Variants in the termination ofthe ductus choledochus and ductus pan¬ 
creaticus. 

a Typical anatomy: Both ducts open at the papilla duodeni major by 
way of a common ampulla hepatopancreatica (the most common 
form). 

b-d Variants: 

b Varying degrees of septation ofthe common ampulla hepatopancre¬ 
atica. 

c Complete septation ofthe ampulla hepatopancreatica, with a sepa¬ 
rate opening for each duct. 

d The ducts unite without forming a true ampulla. 


E Pancreas: Normal anatomy and variants 

a Gemmae pancreaticae have fused; b Pancreas divisum (in up to 10% 
of examined patients); c Pancreas divisum at ERCP (c from Brambs, H,- 
J.: Pareto Reihe Radiologie. Gastrointestinal system. Thieme, Stuttgart 
2007). 

Failure ofthe gemma pancreatica dorsalis to fuse with the gemma pan¬ 
creatica ventralis (see p. 33) leads to a divided pancreas (pancreas divi¬ 
sum; no clinical disease, usually presents as an incidental finding). The 
ducts of both buds remain completely separate. The duct ofthe gemma 
pancreatica ventralis opens into the papilla duodeni major and the duct 
ofthe gemma pancreatica dorsalis into the papilla duodeni minor. In 
ERCP (see c) both ducts were filled separately via the two papillae. 
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18.17 Pancreas 



Cauda 

pancreatis 

Vertebra LIV 


Aorta 

abdominalis 



Ren sinister 
Splen 

Bursa omentalis, 

recessus 

splenicus 

Gaster 


A Location ofthe pancreas 

a Projectiori onto the columna vertebralis; b Transverse section 
through the abdomen at approximately the T12/L1 level, viewed from 
a bove. 

Note: The caput pancreatis is below the plane of section which is why 
the pancreas appears shortened atthis level. 

The pancreas is an elongated organ that is oriented transversely in the 


right and left upper quadrants, lying mainly in the regio epigastrica. The 
corpus pancreatis crosses the midline at the L1/L2 level. The head of 
the pancreas is directed to the right and extends to the L2/L3 level. The 
cauda pancreatis may closely approach the splen in the LUQ. The pain 
associated with diseases ofthe pancreas is often a “girdling pain” that 
encircles the upper abdomen and even the lower thorax (see p. 276). 


Peritoneum A. hepatica Truncus 

parietale Vv. hepaticae communis coeliacus 


V. cava inferior 

Hepatic surface 
of diaphragma 

Gl. suprarenalis 
dextra 

Lig. hepato¬ 
duodenale 

Ren dexter 

Corpus pancreatis 

Duodenum, 
pars superior 

Caput pancreatis 

Proc. uncinatus 

Duodenum, 
pars descendens 

Mm. transversus 
abdominis, obliquus 
internus and 
externus abdominis 



Gl. suprarenalis 
sinistra 

A. splenica 


Cauda pancreatis 

Flexura coli sinistra 

Root of mesocolon 
transversum 

Ren sinister 

Jejunum 

Colon 

descendens 

A. and v. colica 
sinsitra 


Duodenum, Radix Duodenum, A. andv. 

pars inferior mesenterii pars ascendens mesenterica superior 


B The pancreas in situ 

Anterior view. The hepar, gaster, intestinum tenue, and intestinum 
crassum have been removed proximal to the flexura coli sinistra. The 
retroperitoneal fat and connective tissue and the capsula adiposa have 
been greatly thinned to better demonstrate the structures in the retro- 
peritoneum. The pancreas is a secondarily retroperitoneal organ located 
on the posterior wall ofthe bursa omentalis. Its head (caput pancreatis) 
lies in the C-shaped loop ofthe duodenum. The mesocolon transversum 


is attached to the facies anterior ofthe pancreas. Because of its position 
posterior to or adjacent to other organs and large vessels, it is difficult 
to access surgically. At the same time, owing to its proximity, pancreatic 
tumors may invade and encase the a. and v. mesenterica superior (lead- 
ing to impaired circulation of the organs they supply, such as the jeju¬ 
num, ileum, and colon ascendens). Inflammation of or tumors in the ca¬ 
put pancreatis may also lead to obstruction of the ductus choledochus 
(leading to obstructive jaundice). 
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Duodenum, 
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C Location and course ofthe ductus pancreatici 

Anterior view. The anterior side has been partially dissected. The ducts 
of the former gemmae pancreaticae ventralis and dorsalis have united 
to form a common duct, which is referred to as the main ductus pancre¬ 
atis (formed from the ductus pancreaticus ventralis in the caput pancre¬ 
atis and the distal portion ofthe ductus pancreatis dorsalis (most com¬ 
mon case). Ittraverses the entire length ofthe pancreas and opens into 
the pars descendens of the duodenum, usually sharing an orifice with 
the ductus choledochus, on the papilla duodeni major. The small ductus 


pancreatis accessorius (the remaining proximal portion of the former 
ductus pancreaticus dorsalis in the caput pancreatis) opens into the du¬ 
odenum on the papilla duodeni minor (see p. 251). Several variants of 
ductal anatomy may exist: 

• both ducts remain separate and open on two different papillae (pan¬ 
creas divisum, see p. 251), 

• both ducts unite to form a single duct that opens on one papilla, 

• in both cases (though rarely), the ductus choledochus may open into 
the duodenum by a separate orifice. 


See b and c 
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production) 
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production) 
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pancreas, 
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pancreas 
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levels, and the alpha cells produce the hormone glucagon. Other 
islet cell types include delta (D) and F cells, which produce soma- 
tostatin or pancreatic polypeptide. Special staining methods are 
used to make these cell types visible. The islet cells release hor- 
mones directly into the bloodstream (which is why there are many 
capillaries present in the insulae pancreaticae). 


D Histological structure ofthe pancreas 

a Pancreatic tissue; b and c Detail from a: Higher magnification views 
of acini shown in transverse and longitudinal sections. 

a Histologically, the pancreas consists of two functionally distinet 
types of glandular tissue: 

• The exocrine pancreas (98% ofthe organ mass, light pink in the 
upper part of the figure) consists of myriad berry-shaped glands 
(acini pancreatis, see b and c), which secrete an enzyme-rich fluid 
through the ductus pancreaticus into the duodenum. Produced at a 
rate of approximately 2 liters/day, this fluid contains enzymes that 
assist numerous digestive processes in the bowel. Insufficiency of 
the exocrine pancreas leads to impaired digestive function. 

• The endocrine pancreas (2% of the organ mass) also known as 
the islet apparatus: approximately 1 million epithelial cells (islets 
of Langerhans, insulae pancreaticae), which can be divided into 
alpha (A) cells (20% of islet cells) and beta (B) cells (80% of islet 
cells). The beta cells produce insulin, which lowers blood glucose 


Note: A decrease in the number of beta-cells and deficient or defec¬ 
tive production of insulin leads to the clinical picture of diabetes mel¬ 
litus. 

b The acinar cells produce approximately 2 liters of “pancreatic juice,” 
an enzyme-rich secretion (containing numerous proteins) per day, 
which is passed into the duodenum via the ductus pancreaticus. This 
secretion is important for digestion. Thus, hypofunction ofthe exo¬ 
crine pancreas leads to maldigestion. 

Note: Acinar cells usually stain intensely with conventional techniques. 
Nonetheless, they don’t appear equally dark in histological sections. 
The parts that transport secretions (the ductule cells) stain less in¬ 
tensely than the parts that produce secretions. Because the initial por¬ 
tion ofthe part that transports secretions is invaginated into the cen- 
ter ofthe acinus, which stains more intensely, they are conspicuous in 
histological sections. These cells that lie at the center ofthe acinus, but 
belong to the secretion-transporting part, are referred to as cellulae 
centroacinosae. The pancreas is the only exocrine gland that cellulae 
centroacinosae. 
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18.18 Splen 
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A Projection of the splen onto the skeleton 

Posterior view (a) and left lateral view (b). The splen is located in the 
left upper quadrant. Its position varies considerably with respiration be- 
cause it lies just below the diaphragma and is directly affected by its 
movements, even though (unlike the hepar) it is not attached to the 
diaphragma. At functional residual capacity (the resting position be- 
tween inspiration and expiration), the hilum splenicum crosses the 
tenth rib on the left side. Generally a healthy, unenlarged splen is not 
palpable on physical examination. 


B Location ofthe splen 

Transverse section through the abdomen, viewed from above. This sec- 
tion demonstrates the relationship ofthe splen to neighboring organs. 
The intraperitoneal splen lies in its own compartment and is attached 
by folds of peritoneum to the posterior trunk wall (lig. splenorenale) 
and to the stomach (lig. gastrosplenicum). A recess ofthe bursa omen¬ 
talis (recessus splenicus) extends to the splen. 
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C The splen in situ: Peritoneal relationships 

Anterior view into the LUQ with the gaster removed. When the splen is 
abnormally enlarged, it may press heavily upon the gaster and colon, 
causing pain. The drawing illustrates the close proximity of the splen 
to the cauda pancreatis and flexura coli sinistra, which is also called the 
flexura coli splenica. 

Note the peritoneal attachment between the splenica and colon trans¬ 
versum (lig. splenocolicum, part of the omentum majus). Embryo- 


logically, the omentum majus is a mesenterium dorsale in which the 
splen develops. During rotation ofthe gaster in the embryo, the splen 
moves from its original position posterior to the gut into the LUQ. 
A “side stitch” (piercing sensation felt below the cavea thoracica during 
exercise) is believed to be caused by stretching ofthe peritoneal cover- 
ing and lig. splenocolicum due to swelling ofthe splen during physical 
exercise. 
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Extremitas 

anterior Facies 

a diaphragmatica 



D Splen: Shape and surface anatomy 

Views of the facies diaphragmatica (a) and facies visceralis (b) of the 
organ. The splen is highly variable in its conformation in different peo- 
ple, but because this very soft organ is covered by a firm fibrous cap¬ 
sula, it maintains a relatively constant external shape (“coffee bean”). 


Since it is very difficult to suture the soft splenie tissue, it is not uncom- 
mon to treat splenie injuries by splenectomy, which eliminates a poten- 
tial source of severe intraperitoneal bleeding. The blood vessels that en- 
ter and leave the organ at the hilum splenicum are usually tortuous and 
form multiple coils. 


Terminal arterial 
capillaries 


Fibrous 

trabecula 


Zona marginalis 
Pulp vein 
Central artery 
V. trabecularis 
V. trabecularis 



Capsula splenicus 


A. penicillaris splenis 
Lymphatic follicle 


Vagina lymphoidea peri- 
arteriolaris (periarteriolar 
lymphatic sheath, (PALS)) 

Sheath capillaries 


Follicular capillaries 


Sinus splenicus 


E Structure of the splen 

The splen is the single largest lymphoid organ and the only lymphatic 
organ that is incorporated directly into the bloodstream (to screen out 
abnormal cells, see below). Strands of connective tissue called trabecu¬ 
lae splenicae extend from the firm fibrous capsula (tunica fibrosa) to- 
ward the hilum splenicum, subdividing the splenie tissue into small 
chambers. The branches ofthe fibrous trabeculae splenicae and the ves¬ 
sels they transmit (trabecular arteries and veins) determine the architec- 
ture of the splen. Between the fibrous trabeculae splenicae is a mesh- 
work of fine reticular connective tissue, the pulpa splenica. On entering 
the pulpa, the blood vessels become known as the pulp arteries (central 
arteries) and pulp veins. The terminal arterial branches have the appear- 
ance ofthe mycelia of bread mold ( penicillium ), and are thus named aa. 
penicillares splenis. Two types of pulpa splenica are distinguished: pulpa 
rubra and pulpa alba: 

• The pulpa rubra consists of cavities (sinus splenici) that are engorged 


with blood in the living organism (aggregation of large masses of red 
blood cells), accounting for its red color and its name (in the sec- 
tion shown here, the pulpa rubra is devoid of blood and is colorless). 
The function ofthe pulpa rubra is to screen out aging and defective 
erythrocytes from the bloodstream. The numerous sinuses within 
the reticular meshwork give the splen its soft, spongy consistency. 

• The pulpa alba consists of noduli lymphoidei splenici (Malpighian 
bodies)—variable-sized aggregations of lymphocytes (vaginae lym¬ 
phoideae periarteriolares, lymphatic follicles) that consist of clones 
of beta cells that are proliferatory in response to antigens. 

The lymphatic aggregations of the pulpa alba ensheath the central ar¬ 
teries in varying degrees to ensure close contact between the blood and 
lymphocytes. The central arteries ramify extensively before delivering 
their blood to the sinuses of the pulpa rubra. From there the blood is 
conveyed by pulp veins to the trabecular veins, which in turn empty into 
the v. splenica. 
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18.19 Branches of the Truncus Coeliacus: 

Arteries Supplying the Gaster, Hepar, and Vesica Biliaris 


A. hepatica propria, 
r. sinister 


Aorta 

abdominalis 


A. gastrica 
sinistra 


A. hepatica propria, 
r. dexter 


Vesica biliaris 
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Duodenum 


A. gastro¬ 
omentalis sinistra 


A. pancreaticoduodenalis 
superior anterior 


Pancreas 


Omentum 

majus 


A Truncus coeliacus and arteries to the gaster, hepar, and vesica 
biliaris 

Anterior view. The omentum minus has been opened to display the 
truncus coeliacus. The omentum majus has been incised to demon¬ 
strate the aa. gastroomentales. 

The truncus coeliacus is the first anterior visceral branch of the aorta 
abdominalis (see p. 203). It is only about 1 cm long. In 25% of cases it 


divides into three arterial branches in a tripod-like configuration, as il- 
lustrated here. The principal variants ofthe truncus coeliacus are shown 
in C. 

Note that the a. hepatica propria, v. portae hepatis, and ductus choled¬ 
ochus reach the hepar by passing through the lig. hepatoduodenale, 
which is part ofthe omentum minus. These vessels must be protected 
in surgical operations on the vesica biliaris and ductus choledochus. 
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A. gastrica 
sinistra 

A. splenica 


Aorta 

abdominalis 


B Projectiori of the truncus coeliacus onto the columna vertebralis 
(T12) and its relationship to the hepar and gaster 


A. gastrica 
posterior 


A. gastrica 
sinistra 


Truncus 

coeliacus 


A. hepatica 
communis 


A. gastrica 
dextra 

A. gastro¬ 
duodenalis 



Aa. gastricae 
breves 


A. splenica 


A. gastro¬ 
omentalis 
sinistra 


A. gastroomentalis 
sinistra 


D Arteries of the gaster 

Note that the paries posterior of the gaster is suppiied by the a. gastrica 
posterior, which arises from the a. splenica in 60% of cases. Variants 
of the aa. gastricae do occur, but for simplicity they are not illustrated 
here. 


A. gastrica 

A. splenica sinistra 


A. hepatica 
communis 



C Variants ofthe celiae trunk (after Lippert and Pabst) 
a The a. hepatica communis, a. gastrica sinistra, and a. splenica have a 
common origin (approximately 25 % of cases), 
b The truncus coeliacus divides into the a. gastrica sinistra and a. hepa¬ 
tosplenica (approximately 50% of cases), 
c The truncus coeliacus gives off a fourth branch to the pancreas (ap¬ 
proximately 10 % of cases). 

d The a. gastrica sinistra branches directly from the aorta abdominalis 
(approximately 5 % of cases). AII other variants have an incidence less 
than 5%. 


A. hepatica 

R. dexter R. sinister propria 



a superior 



E Variants in the arterial supply to the hepar (after Lippert and 
Pabst) 

a Typical division ofthe a. hepatica propria into rr. dexter and sinister 
(approximately 75 % of cases). 

b The r. dexter arises from the a. mesenterica superior (approximately 

10 %). 

c Both branches arise separately from the truncus coeliacus (less than 
5%). 


A. cystica R. dexter 



Ductus A. mesentercia A. mesentercia 

a choledochus superior b superior 


A. cystica R. sinister A. cystica R. sinister 



F Common variants of the arteria cystica (after Lippert and Pabst) 
a A. cystica divides and passes to the anterior and posterior aspect of 
the vesica biliaris (46 % of cases), 
b Two aa. cysticae supply the vesica biliaris (13 % of cases), 


c A. cystica arising from the r. dexter (arteriae hepaticae) arising from 
the a. mesenterica superior (12 % of cases), 
d A. cystica arising from the r. sinister ofthe a. hepatica propria (5% of 
cases). 
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18.20 Branches ofthe Truncus Coeliacus: 

Arteries Supplying the Pancreas, Duodenum, and Splen 


A. hepatica propria, 
r. dexter 


A. hepatica propria, 
r. sinister 


A. hepatica A. gastrica Truncus 
communis sinistra coeliacus 



Aorta 

abdominalis 


Aa. gastricae 
breves 


A. cystica 
A. hepatica propria 


V. cava inferior 
A. gastrica dextra 


A. pancreaticoduodenalis 
inferior, r. posterior 


A. pancreatica A. pancreatica 
transversa dorsalis 


A. splenica 


A. gastrica 
posterior 


A. gastro¬ 
duodenalis 

V. portae 
hepatis 

A. supra¬ 
duodenalis 
(variant) 

A. pancreatico¬ 
duodenalis 
superior posterior 


A. pancreatico¬ 
duodenalis 
superior anterior 


R. duodenalis 


A. gastro¬ 
omentalis 
sinistra 


A. caudae 
pancreatis 


Rr. pancreatici 


A. pancreatica 
magna 


A. pancreatica 
inferior 


Radix of 

mesocolon 

transversum 


A. pancreaticoduodenalis A. pancreatico- Anastomosis between 

inferior, r. anterior duodenalis inferior a. mesenterica superior 

and a. pancreatica inferior 


A Truncus coeliacus and arteries to the pancreas, duodenum, and 
splen 

Anterior viewwith the corpus gastricum, pylorus, omentum minus, and 
colon removed. For better exposure ofthe vascular structures, the peri¬ 
toneum parietale has been partially removed. 

The a. gastrica sinistra passes to the left and runs superiorly to the cur¬ 
vatura minor ofthe gaster. The a. hepatica propria in the lig. hepatodu¬ 
odenale passes to the right and runs to the hepar. Before reaching the 


splen, the a. splenica gives off branches to supply blood to the pancreas 
(close to the splen) and to the gaster via the a. gastroomentalis sinis¬ 
tra. The a. (and v.) mesenterica superior runs in an inferior direction and 
in close proximity to the caput pancreatis (while giving off branches to 
supply blood to the pancreas, see C). Pancreatic tumors may compress 
the artery and vein and restrict their blood flow. The truncus coeliacus is 
the uppermost of the three arteries that supply the organs of the diges¬ 
tive system (plus the splen). 
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A. hepatica Aorta 

communis abdominalis 



B Schematic overview of the distributiori of the truncus coeliacus 

Note: The pancreas is additionally supplied by branches from the a. mes¬ 
enterica superior. 


Aorta A. splenica with 

abdominalis rr. pancreatici 


A. hepatica 
communis 

A. gastro¬ 
duodenalis 


A. pancreatico¬ 
duodenalis 
superior posterior 

A. pancreatico¬ 
duodenalis 
superior anterior 



A. pancreatico- A. mesenterica 
duodenalis inferior, superior 

a r. anterior 


A. splenica 


Truncus 

coeliacus 


A. pancreatica 
magna 


A. caudae 
pnacreatis 


A. pancreatica 
inferior 

A. pancreatica 
dorsalis 

A. mesenterica 
superior 


A. hepatica 



A. hepatica propria 

A. gastroduodenalis 
Ductus choledochus 


A. pancreatico¬ 
duodenalis 
superior posterior 

A. pancreatico¬ 
duodenalis 
superior anterior 


A. pancreatico¬ 
duodenalis inferior, 
r. anterior 


A. pancreatico¬ 
duodenalis inferior, 
r. posterior 


C Arterial supply to the pancreas 

a Anterior view; b Posterior view. In b, the aorta abdominalis has been 
removed to show the origins of the truncus coeliacus and a. mesen¬ 
terica superior. 

Note that the pancreas is supplied by branches from the truncus coelia¬ 


cus as well as branches from the a. mesenterica superior. The superior 
and inferior arteries that supply the pancreas are arranged in an anasto- 
mosing system called the “pancreatic arcade.” The largest of the anas¬ 
tomoses between the a. splenica and a. pancreatica inferior is called the 
a. pancreatica magna. 
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18.21 Branches of the Arteria Mesenterica Superior: Arteries Supplying 
the Pancreas, Intestinum Tenue, and Intestinum Crassum 


A. hepatica propria ; 
r. dexter 


A. hepatica propria, 
r. sinister 


A. cystica 


V. portae hepatis 

V. cava inferior 


A. hepatica propria 

A. gastrica dextra 

A. gastrica dextra 

A. pancreatico¬ 
duodenalis superior 
posterior 

V. renalis sinistra 

A. gastroomentalis 
dextra 

A. pancreatico¬ 
duodenalis superior 
anterior 

A. pancreatico¬ 
duodenalis inferior, 
r. posterior 

A. pancreatico¬ 
duodenalis inferior, 
r. anterior 

A. colica dextra 


A. ileocolica 


A. ileocolica, 
r. colicus 

A. ileocolica, 
r. ilealis 

A. caecalis 
posterior 

A. caecalis 
anterior 


A. gastrica 
sinistra 

A. hepatica 
communis 


A. mesenterica 
superior 



Aa. jejunales 


Aa. ileales 


Aa. rectcae 


A Distribution ofthe arteria mesenterica superior 

Anterior view. For clarity, the gaster and peritoneum have been partially 
removed or windowed, leaving intact most ofthe retroperitoneal con¬ 
nective tissue below the colon transversum. 

The a. mesenterica superior arises from the front ofthe aorta abdomi¬ 
nalis at the level of the first lumbar (L1) vertebra. It passes anteriorly 
and inferiorly, distributing most of its numerous branches to the right 
side. Thus, it is clearly accessible to inspection and dissection only when 
the loops of intestinum tenue are reflected to the left side, as illustrated 
here. This view also displays the series of arcades formed by the intes- 


tinal branches of the a. mesenterica superior (only one set of arches is 
present along the jejunum, but the arches increase distally and form 
multiple sets along the ileum). Straight arteries (vasa recta) extend 
from the arcades to the associated bowel segments. The a. mesenterica 
superior and its numerous branches supply the intestinum tenue, por- 
tions ofthe pancreas (see p. 259), and a considerable part ofthe intesti¬ 
num crassum (see C), almost as far as the flexura coli sinistra (not visible 
here). The trunk of the a. mesenterica superior passes over the duode¬ 
num and v. renalis sinister (see D). 
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A. mesenterica 
superior 


Vertebra LIV 



Aorta 

abdominalis 



B Projectiori ofthe arteria mesenterica superior onto the columna 
vertebralis and its relationship to the intestinum crassum and 
pancreas 

The a. mesenterica superior arises at the level of the first lumbar ver¬ 
tebra. 


C Sequence of branches from the arteria mesenterica superior 

(see also E) 

Relationship of the a. mesenterica superior to specific organs. The terri- 
tory of the a. mesenterica superior ends just proximal to the flexura coli 
sinistra, at which point the supply by the a. mesenterica inferior begins 
(see p. 263). It is common for multiple anastomoses to exist between 
the two mesenteric systems (see p. 205). 

Note: The diagram is highly schematic and does not incorporate the top- 
ographical relationships between the distinet structures. 



Aorta 

abdominalis 

A. renalis 
sinistra 


D Relationship ofthe arteria mesenterica superior to the 
duodenum and left vena renalis 

Left lateral view. 

Note: The a. mesenterica superior descends in front of the duodenum 
and left v. renalis. The left v. renalis lies within the aorticomesenteric an- 
gle, where it may become entrapped and compressed. 


E Branches of the arteria mesenterica superior, listed in the 
sequence of the organs they supply 


• A. pancreaticoduodenalis inferior 

• Aa. jejunales and ileales (approximately 14-20) 

• A. ileocolica with aa. caecales anterior and posterior and a. appen¬ 
dicularis 

• A. colica dextra 

• A. colica media 

The arteries to the intestina tenue and crassum form numerous arcades 
from which small straight arteries (vasa recta) pass through the 
mesenterium to supply the various parts of the intestinum. 


Note: The A. colica dextra varies in its origin. According to Lippert and 
Pabst (1985), it arises directly from the a. mesenterica superior in 38% 
of cases, and branches off an initial common trunk of the aa. colicae 
dextra and media in 52 % of cases. Only rarely (8 % of cases) does it origi- 
nate from the a. ileocolica. 
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18.22 Branches ofthe Arteria Mesenterica Inferior: 
Arteries Supplying the Intestinum Crassum 


Colon 

transversum 


A. colica 
media 


A. colica dextra 


V. cava inferior 

Colon 

ascendens 


A. iliaca 
communis dextra 

A. ileocolica 

A. ileocolica, 
r. colicus 

A. ileocolica, 
r. ilealis 

A. caecalis 
posterior 

A. caecalis 
anterior 



Omentum 

majus 


Flexura coli 
sinistra 

A. mesenterica 
superior 

Duodenum 

Aorta 

abdominalis 

Colon descendens 

A. mesenterica 
inferior 

A. colica sinistra 
Bifurcatio aortae 
Aa. sigmoideae 


A. rectalis 
superior 


Colon 

sigmoideum 


A Arterial supply to the intestinum crassum from the arteriae 
mesentericae superior and inferior 

Anterior view. The jejunum and most of the ileum have been removed, 
and the colon transversum has been reflected superiorly. The perito¬ 
neum has been windowed or removed at several sites, leaving part of 
the retroperitoneal connective tissue in place. The a. mesenterica in¬ 
ferior arises from the aorta abdominalis at the level ofthe L3 vertebra 
(see B) and descends toward the left side. Thus, it is clearly accessible to 


inspection and dissection only when the loops of intestinum tenue are 
reflected to the right side (bowel loops have been removed here). This 
view also displays the numerous sets of arcades formed by the branches 
ofthe a. mesenterica inferior. This artery supplies the distal portions of 
the intestinum crassum, starting approximately at the flexura coli sinis¬ 
tra. 

Note:Jhe rectum is supplied by three arteries (see D), only one of which, 
the a. rectalis superior, is visible in this dissection. 
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A. mesenterica 
inferior 


A. mesenterica 
inferior 

Vertebra LIV 

A. rectalis 
superior 




Flexura 
coli sinistra 


R. ascendens 

A. colica 
sinistra 

R. descendens 


B Projectiori of the arteria mesenterica inferior onto the columna 
vertebralis and its relationship to the intestinum crassum 

The a. mesenterica inferior branches from the aorta abdominalis at the 
level ofthe L3 vertebra. 


C Sequence of branches from the arteria mesenterica inferior 

(see p. 205) 

A. colica sinistra, aa. sigmoideae (two orthree), a. rectalis superior. 
Note that the flexura coli sinistra marks the approximate boundary be- 
tween the blood supply by the aa. mesentericae superior and inferior. 


A. mesenterica 
inferior 



A. rectalis A. rectalis 
media inferior 


A. rectalis 
superior 

A. iliaca 
interna 

A.pudenda 
interna 


A. colica 
media 

A. mesenterica 
superior 



Flexura coli 
sinistra 

Marginal artery 
(of Drummond) 

Arc of Riolan 


A. mesenterica 
inferior 

A. colica sinistra 


D Contribution ofthe arteria mesenterica 
inferior to the rectal blood supply 

The rectum is supplied by three different arter- 
ies or branches (see p. 265): 

• The a. mesenterica inferior (or its branch, the 
a. rectalis superior) 

• The a. rectalis media (directly) 

• The a. pudenda interna (or its branch, the a. 
rectalis inferior) 

The a. mesenterica inferior supplies most of 
the rectum from above, while the other two 
arteries supply the smaller, lower portions of 
the rectum. 


E Shortcircuits between arteries of the 
intestinum crassum 

Shortcircuits between arteries of the intes¬ 
tinum crassum have two consequences: Ab- 
normally low blood flow in one artery can be 
compensated for via a shortcircuit with blood 
from an adjacent artery. The portion ofthe co¬ 
lon with the initially low flow can stili be suffi- 
ciently supplied. When performing a resection 
of a portion of the colon, the supplying vessel 
is tied off and the shortcircuit disconnected to 
prevent blood loss via a neighboring vessel. 
Because of their size, two shortcircuits are de- 
scribed below: 

• Riolan’s arcade: a direct connection be¬ 
tween the a. colica media and the a. colica 
sinistra (usually close to the trunk where 
the aa. colicae media and sinistra arise from 
the superior and inferior, respectively); 

• Marginal artery of Drummond (a. margina¬ 
lis coli): close to the margin ofthe intestinal 


tube, connects the arteries ofthe entire co¬ 
lon. 

Such shortcircuits are referred to—often im- 
precisely—as anastomoses. 

Due to the extensive anastomoses described 
above, occlusive arterial diseases are very rare 
in the region of the colon. Vascular obstruc- 
tion leads to symptoms only if two ofthe three 
major vessels (truncus coeliacus, a. mesen¬ 
terica superior or inferior) are severely con- 
stricted. In that case, patients complain of up- 
perabdominal pain approximately 15 minutes 
after eating. The pain is caused by ischemia 
resulting from vascular occlusion that follows 
an increase in oxygen demand by the colon af¬ 
ter eating large meals. As a consequence, the 
patient eats only small portions (small meal 
syndrome) but more often. Because of the 
smaller portions, blood flow to the colon does 
not need to increase. 
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18.23 Branches ofthe Arteria Mesenterica Inferior: 
Supply to the Rectum 


Aorta abdominalis 


A. iliaca 
communis sinistra 

Aa. sigmoideae 


A. rectalis superior 
(from a. mesenterica 
inferior) 

A. iliaca interna 
sinistra 

A. glutea 
superior sinistra 

A. obturatoria 
sinistra 


A. glutea 
inferior sinistra 


A. rectalis media 
sinistra (from a. iliaca 
interna sinistra) 


A. mesenterica 
inferior 


V. cava inferior 



A. pudenda A. rectalis inferior sinistra (from M. levator ani 
interna sinistra a. pudenda interna sinistra) 


A Arterial supply ofthe rectum 

Posterior view. For clarity, portions of the ilium are shown translucent. 
Note: The unpaired a. rectalis superior (from the unpaired a. mesen¬ 
terica inferior) divides into two branches on reaching the rectum, The 
right, sturdier branch further divides into two equally strong arterial 
branches. From these two or three major branches originate multiple 
collaterals that form anastomotic networks. The aa. rectales mediae 
(from the aa. iliacae internae) and the aa. rectales inferiores (from the 
aa. pudendae internae) are paired owing to their origin from paired par¬ 
ent vessels. In females, it is not unusual for the a. rectalis media to arise 
from the a. uterina. 

The a. rectalis inferior leaves the a. pudenda interna in the canalis pu¬ 
dendalis (Alcock’s canal). The a. rectalis superior approaches the rectum 


from above and posteriorly, also coming in contact with the peritoneal 
covering ofthe rectum (for clarity, not shown here). The course of this 
artery is also described as “peritoneal.” It runs in the mesorectum where 
it further divides before it descends in the corpus cavernosum recti. The 
aa. rectales mediae and inferiores approach the rectum from the sides, 
the m. levator ani forming a well-defined partition between them: The 
aa. rectales mediae pass to the rectum above that muscle, the aa. rec¬ 
tales inferiores below it. Because the m. levator ani forms an essential 
part ofthe diaphragma pelvis (see p. 387), the course ofthe aa. rectales 
mediae and inferiores is also described as supradiaphragmatic and infra- 
diaphragmatic, respectively. The aa. rectales frequently accompany the 
vv. rectales for a considerable distance. 
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b 


B Arterial supply of the corpus cavernosum recti 
(hemorrhoidal plexus) 

a Caudal view with the patient supine in the lithotomy position and 
the examiner having a view of the perineum, clock face orientation is 
used. The hemorrhoidal plexus is a permanently distended corpus cav¬ 
ernosum (see p. 235), which is supplied by three main branches (b) at 
the typical positions (3, 7, and 11 o’clocl<) where they form three major 
cushions (c) in the area of the columnae anales. The three major vessels 
divide into four branches and form minor cushions (d) at the 1,5,6, and 
9 o’clock positions. Together, these circular cavernous structures filled 
with blood serve as a very effective continence mechanism that ensures 
liquid- and gas-tight closure. The sustained contraction of the muscu- 
lar sphincter apparatus inhibits venous drainage, and blood is allowed 
to drain from the corpus cavernosum when the sphincters relax during 


Major cushions 



Minor cushions 



L_ 

L 

4 

w 


defecation. 

Note: Abnormal dilation (hyperplasia) of the hemorrhoidal plexus be- 
yond the physiological range leads to hemorrhoidal disease, one ofthe 
most common proctological disorders (see p. 238 f). 
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Aa. rectales inferiores 


Aa. rectales mediae 



A. rectalis superior 


C Areas supplied by the arteriae rectales 

Schematic representation of the distinet types of arterial supply in the 
sagittally cut rectum. Rendered from radiographs obtained after the in- 
jection of radiographic contrast agent into the supplying arteries. View 
of the anterior wall of the splayed out colon (after Stelzner). 

There are 7 distinet patterns of arterial supply to the rectum (I—VII). The 
most common pattern is I (36% of cases). The upper three-quarters 


are supplied almost exclusively by the unpaired a. rectalis superior, the 
lower one quarter is supplied by the smaller caliber aa. rectales mediae 
(from the aa. iliacae internae) and the aa. rectales inferiores (from the 
aa. pudendae internae). AII three arteries form extensive anastomoses. 
Note: The common notion that the a. rectalis superior supplies the up- 
per-third ofthe rectum, the aa. rectales mediae the middle-third, and 
the aa. rectales inferiores the lower third, is thus incorrect. 
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18.24 Vena Portae Hepatis: Venous Drainage ofthe Gaster, 
Duodenum, Pancreas, and Splen 
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V. cava inferior 
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A Venous drainage ofthe gaster and duodenum 

Anterior view. The hepar and omentum minus have been removed, and 
the omentum majus has been opened and retracted to the left. The 
gaster has been pulled slightly inferiorly, and the peritoneum has been 
removed or windowed at several sites to display the termination of the 
vv. hepaticae in the v. cava inferior and the communication of the vv. 
gastricae with the portal venous system. 

Blood from the curvaturo minor gastris generally flows directly into the 
v. portae hepatis, while blood from the curvaturo major reaches the v. 
portae hepatis by way of the v. splenica and v. mesenterica superior. 
The lower portions of the duodenum drain chiefly to the v. mesenterica 
superior, while the upper portions usually drain directly to the v. portae 
hepatis. Variants are common, however. 

Note how the esophageal veins drain into the v. portae hepatis by way of 
the vv. gastricae sinistrae. This is important in the portacaval collateral 
circulation (see B and p. 210). 



B Junctiori ofthe vena mesenterica inferior and vena splenica 

Anterior view. This view, with the gaster translucent, demonstrates the 
site where the v. mesenterica inferior typically opens into the v. splenica 
behind the gaster. 


266 









































Abdomen and Pelvis 


18. Organs ofthe Digestive System and their Neurovasculature 


Vv. hepaticae Vv. oesophageales 
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C Venous drainage ofthe pancreas and splen 

Anterior view. The gaster has been partially removed and pulled slightly 
inferiorly for better exposure, and most of the peritoneum has been 
removed. This dissection clearly shows how the v. portae hepatis is 
formed by the junction of the v. mesenterica superior and v. splenica 
near the hepar. In 70% of cases the v. splenica receives the v. mesen¬ 
terica inferior, as shown here, before uniting with the v. mesenterica su¬ 
perior (see also B). 


Venous blood from the splen is carried by the v. splenica directly to the 
v. portae hepatis, while blood from the pancreas takes various routes: 
Most of the vv. pancreaticae (mainly from the cauda and corpus pancre¬ 
atis) open into the v. splenica. A few, along with the veins draining the 
gaster and colon ascendens, open into the v. mesenterica superior via 
the truncus gastropancreaticocolicus. 



V. gastro¬ 
omentalis dextra 

Truncus gastro¬ 
pancreaticocolicus 


V. colica media 




b Truncus gastro- c Truncus gastro¬ 
pancreaticocolicus pancreaticocolicus 



d V. colica dextra 


Truncus gastro¬ 
pancreatico¬ 
colicus 

V. colica media 


D Variants of the truncus gastropancreaticocolicus (Trunk of 
Henle) (after Jin et al and Ignjatovic et al) 
a 45%; b 33%;c 11%;andd 11 % of cases. 

In 90% of cases, the venous truncus gastropancreaticocolicus provides 
drainage of the colon ascendens (v. colica dextra) and the flexura coli 
dextra (v. colica dextra superior) in addition to the gaster (v. gastroo¬ 
mentalis dextra) and caput pancreatis/duodenum (vv. pancreaticodu¬ 


odenales). In 11 % of cases, the truncus gastropancreaticocolicus also 
receives the v. colica media (c). The truncus gastropancreaticocolicus 
drains into the v. mesenterica superior at the level of the processus un¬ 
cinatus. 

Note: The truncus gastropancreaticocolicus is an important landmark 
for surgeons, particularly in operations on the caput pancreatis and the 
flexura coli dextra. 
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18.25 Venae Mesentericae Superior and Inferior: 

Venous Drainage ofthe Intestina Tenue and Crassum 
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A Tributaries ofthe vena mesenterica superior 

Anterior view. Most of the gaster has been removed, and the perito¬ 
neum has been removed or windowed at multiple sites, leaving some of 
the retroperitoneal connective tissue in place. The mesenterium and co¬ 
lon transversum have been partially removed, and the loops of intesti¬ 
num tenue have been displaced to the left. The v. mesenterica superior 
unites with the v. splenica at the 11 level to form the v. portae hepatis 
(see B, p. 266). 

The intestinum tenue drains exclusively into branches ofthe v. mesen¬ 
terica superior. The v. mesenterica superior also collects blood from the 
caecum, appendix vermiformis, colon ascendens, and two-thirds ofthe 


colon transversum almost to the flexura coli dextra. From that point 
the colon is drained by the v. mesenterica inferior. As with the aa. mes¬ 
entericae, multiple anastomoses are present between these two large 
veins. The v. mesenterica superior drains a much larger territory than 
the v. mesenterica inferior. Thus, the venous drainage of the intestina 
tenue and crassum follows the pattern of their arterial supply. 

Note: The colon ascendens, which is secondarily retroperitoneal, may 
also be drained by veins in the retroperitoneum (vv. lumbales) that 
empty into the v. cava inferior. This is another example of a portacaval 
collateral pathway (see p. 210). 
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B Tributaries ofthe vena mesenterica inferior 

Anterior view. Most ofthe gaster, pancreas, and intestinum tenue have 
been removed. The peritoneum has been removed or windowed at sev- 
eral sites, leaving some ofthe retroperitoneal connective tissue in place. 
The v. mesenterica inferior is formed by the union of the v. colica sinis¬ 
tra, vv. sigmoideae, and v. rectalis superior. Unlike the v. mesenterica 
superior, the v. mesenterica inferior runs separate from the artery and 
generally opens into the v. splenica behind the gaster and pancreas (see 
p. 267). Thus, the v. mesenterica inferior returns blood onlyfrom the in¬ 
testinum crassum. The boundary between the territories ofthe vv. mes¬ 
entericae superior and inferior is usually located in the colon transver¬ 
sum near the flexura coli sinistra, although multiple anastomoses exist 


between the two vv. mesentericae. The colon descendens, which is sec- 
ondarily retroperitoneal, may also be drained by veins in the retroperi- 
toneum (vv. lumbales), again establishing a portacaval collateral path- 
way. 

Note: Blood from the upper rectum drains through the v. rectalis supe¬ 
rior to the v. mesenterica inferior before entering the v. portae hepatis. 
The lower rectum (not shown here) is drained by the vv. rectales mediae 
and inferiores, which drain into the v. cava inferior by way of the vv. ilia¬ 
cae. A portacaval anastomosis may also be present in this region. This 
explains why malignant tumors ofthe upper rectum metastasize to the 
hepar, while malignant tumors of the lower rectum tend to metastasize 
to the pulmo. 
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18.26 Branches ofthe Vena Mesenterica Inferior: 
Venous Drainage of the Rectum 
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A Venous drainage ofthe rectum 

Posterior view. Portions of the ilium are shown translucent for clarity. 
Note: The unpaired v. rectalis superior (to the unpaired v. mesenterica 
inferior) divides into two branches on reaching the rectum. By contrast, 
the vv. rectales mediae (to the vv. iliacae internae) and vv. rectales infe¬ 
riores (to the vv. pudendae internae) are paired owing to their termina- 
tion in paired venous trunks. 

Because the vv. rectales accompany the corresponding arteries for some 
distance, their course is analogous to that previously described for the 
arteries: The v. rectalis superior follows an abdominal route, while the 


vv. rectales mediae and inferiores take supra- and infradiaphragmatic 
routes. The v. rectalis superior drains to the hepatic portal system by 
way ofthe v. mesenterica inferior (see B). 

Note: Tumors in the region drained by the v. rectalis superior can me- 
tastasize through the portal venous system to the capillary bed of the 
hepar (hepatic metastases), whereas tumors in the region drained by 
the vv. rectales mediae and inferiores metastasize through the v. cava in¬ 
ferior to the capillary bed ofthe pulmo (pulmonary metastases). Note 
also the importance of these veins as portacaval collaterals (see B). 
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V. gastrica sinistra with V. gastrica Vv. gastricae 

vv. oesophageales dextra breves 



B Draining of the vena rectalis superior into the vena portae 
hepatis 

The rectum sends most of its venous drainage to the v. rectalis superior, 
which drains into the v. portae hepatis. Particularly the upper two-thirds 
ofthe rectum are drained this way. However, venous blood ofthe lower 
third ofthe rectum is carried via the vv. rectales inferiores and mediae 
to the vv. iliacae internae, which drain into the v. cava inferior. Along the 
perirectal veins (plexus venosus rectalis), numerous anastomoses exist 
between the two drainage areas (to the v. portae hepatis and to the v. 
cava inferior), which under certain circumstances (e.g., portal hyperten- 
sion resulting from intrahepatic drainage disorders) may form a porta- 
caval anastomosis. 


Note: The rectal venous anatomy varies particularly in the lower third of 
the rectum, similar to the arterial anatomy. Blood from the vv. rectales 
drains not only into the v. cava inferior but also into the v. portae hepa¬ 
tis and thus reaches the hepar. This plays an important role in the rectal 
administration of drugs (e.g., in the form of suppositories). The idea is 
to bypass the hepar and the first-pass-effect (intestinal drug absorption 
and presystemic elimination in the liver) to ensure systemic distribution 
of the drug throughout the entire body, which because of the variable 
venous anatomy ofthe rectum, is not guaranteed. Thus, there are vary- 
ing degrees of absorption and systemic distribution of drugs that are 
administered rectally. Rectal delivery is particularly suited for children 
as an alternative to the often difficult to perform venipuncture. 
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18.27 Lymphatic Drainage ofthe Gaster, Splen, Pancreas, 
Duodenum, and Hepar 
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A Lymphatic drainage ofthe gaster 

Anterior view. The omentum minus has been removed, the omentum 
majus has been partially opened along the curvatura major ofthe gas¬ 
ter, and the hepar has been retracted slightly superiorly. The following 
lymphatic pathways are important in this region: 

• Drainage toward the curvatura major and minor of the gaster. Ini- 
tial drainage is to the nodi lymphoidei regionales: the nll. gastrici 
dextri and sinistri (toward the curvatura minor) or the nodi gastroo¬ 


mentales dextri and sinistri (toward the curvatura major, see white 
lines and arrows). These nodi lymphoidei regionales convey lymph ei- 
ther directly or indirectly to the nll. coeliaci (indirectly by way of the 
nll. pylorici and splenici). From there the lymph drains to the truncus 
intestinalis. 

• Drainage from the fundus and cardia: initially to the inconstant (not 
always present) anulus lymphaticus cardiae, then to the truncus in¬ 
testinalis. 
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B Lymphatic drainage ofthe splen, pancreas, and duodenum 

Anteriorview. Most ofthe gaster has been removed, the colon has been 
detached, and the hepar has been retracted upward. The following nodi 
lymphoidei and groups of nodi are important in this region: 

• Splen: Drains initially to the nll. splenici, then directly or indirectly to 
the truncus intestinalis (the indirect route may be through the supe¬ 
rior nll. pancreatici alone or through the superior nll. pancreatici and 
the nodi coeliaci). 

• Pancreas: Drains initially to the superior and inferior nll. pancreatici, 
then directly or indirectly (via the nodi coeliaci) to the truncus intesti¬ 
nalis; or drains initially to the nll. pancreaticoduodenales superiores and 


Nll. phrenici 

inferiores Nll. phrenici 



inferiores (mainly on the posterior side ofthe pancreas), then directly 
or indirectly via the nodi mesenterici superiores to the truncus intes¬ 
tinalis. 

• Duodenum: The pars superior of the duodenum drains initially to the 
nll. pylorici (see C), then to the nll. pancreaticoduodenales superiores 
and from there to the nll. hepatici, or directly to the nll. coeliaci in 
some cases, before entering the truncus intestinalis. The lowerportion 
of the duodenum first drains to the nll. pancreaticoduodenales superi¬ 
ores and inferiores, then directly to the truncus intestinalis. 


C Lymphatic pathways for the hepar and biliary tract 

Anterior view. The following lymphatic pathways are important in this 
region: 

Hepar and intrahepatic ductus biliares (three drainage pathways): 

• Most lymph drains inferiorly through the nodi hepatici to the nll. co¬ 
eliaci and then to the truncus intestinalis and cisterna chyli, or it may 
drain directly from the nll. hepatici to the truncus intestinalis and cis¬ 
terna chyli. 

• A small amount of lymph drains cranially through the nll. phrenici in¬ 
feriores to the truncus lumbalis. 

• In some cases lymph drains through the diaphragma (partly through 
the foramen venae cavae and partly through muscular openings in 
the diaphragma) to the nll. phrenici superiores and then to the trun¬ 
cus bronchomediastinalis. 

Vesica biliaris: Lymph from the vesica biliaris drains initially to the no¬ 
dus cysticus, then follows the pathway described above. 

Ductus choledochus: Lymph from the ductus choledochus drains 
through the nll. pylorici (nll. supra-, sub-, and retropylorici) and the nl. 
foraminalis to the nll. coeliaci, then to the truncus intestinalis. 
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18.28 Lymphatic Drainage ofthe Intestina Tenue and Crassum 
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A Nodi lymphoidei and lymphatic drainage ofthe jejunum and 
ileum 

Anterior view. The gaster, hepar, pancreas, and most of the colon have 
been removed. The nodi lymphoidei ofthe intestinum tenue are the larg- 
est group of nodi lymphoidei in the human body, numbering approxi- 
mately 100 to 150 nodes of greatly varying size. For clarity, the above 
drawing shows only a few nodi lymphoidei that are representative of larger 
groups. Lymph from both the jejunum and ileum drains initially to nodi 
lymphoidei regionales (nodi juxtaintestinales), then to the nodi mesenteri¬ 
cae superiores, and finally to the truncus intestinalis. The nll. lymphoidei 
and vasa lymphatica in the mesenterium basically follow the distribution 


ofthe arteries and veins.They are called “intermediate” because they are 
situated between visceral and collecting nodi lymphoidei (the nodi mesen¬ 
terici superiores and inferiores). In patients with a malignant tumor, it is 
desirable to remove as many nodi lymphoidei as possible along a drainage 
pathway to ensure the removal of any micrometastases (metastases not 
grossly visible) that may be present in the nodes. In the case ofthe duo¬ 
denum, this means that the resection should include not only the affected 
part ofthe duodenum but also the attached portion ofthe mesenterium 
and the (intermediate) nodi lymphoidei that it contains. Occasionally even 
the nodi mesenterici superiores and inferiores are also removed. 


Subserosal Plexus Plexus 

collectors muscularis serosus 



B Lymphatic drainage of the intestinum by segments 

(after Foldi and Kubik) 

Lymph is collected in several plexuses (networks of vasa lymphatica 
and lymph collectors) in the intestinal wall. The lymphatics accompany 
the aa. and vv. mesentericae through the mesenterium, and in princi- 
ple they drain the intestinal segment that is supplied by those vessels. 
Valves in the subserous collectors determine the direction of flow and 
define the boundaries ofthe individual drainage segments in the intes¬ 
tinal wall. Because of these segmental boundaries, it is rare for a tumor 
to spread extensively along the intestinum by the lymphatic route. Ar¬ 
rows: principal direction of lymphatic drainage. 
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C Lymphatic drainage ofthe intestinum crassum 

(modified from Foldi and Kubik) 

Anterior view. The colon transversum and omentum majus have been 

reflected superiorly. The following lymphatic pathways are important 

in this region: 

• Colon ascendens, caecum, and colon transversum: Lymph from 
these structures drains initially to the nll. colici dextri and medii, then to 
the nll. mesenterici superiores, and finally to the truncus intestinalis. 

• Colon descendens: Lymph from the colon descendens drains initially 
to nodi lymphoidei regionales, the nll. colici sinistri, then to the nll. mes¬ 
enterici inferiores, and then drains via the nodi lumbales sinistri (not vis- 
ible here) into the left truncus lumbalis (not visible here). 

• Colon sigmoideum: Lymph from the colon sigmoideum drains initially 
to the nll. sigmoidei, then follows the pathway described for the colon 
descendens (above). 

• Upper rectum (see also D): Lymph from the upper rectum drains ini¬ 


tially to the nll. rectales superiores, then follows the pathway described 
for the colon sigmoideum (above). 

Thus, a malignant tumor undergoing lymphogenous spread must nego¬ 
tiate several nodus lymphoideus groups (all of which should be removed 
in tumor resections) before the malignant cells can reach the truncus in¬ 
testinalis and ductus thoracicus and finally enter the bloodstream. This 
long route of lymphogenous spread improves the prospects for a cure. 
The nodi lymphoidei of the intestinum crassum can be classified clin- 
ically and functionally into more groups than by anatomical criteria 
alone: nodi lymphoidei ofthe intestinal wall (nodi epicolici), nodi lym¬ 
phoidei near the intestinum (nodi paracolici), nodi lymphoidei at the or- 
igins ofthe three large intestinal arteries (central group), and nodi lym¬ 
phoidei at the origins of the aa. mesentericae (collecting lymph nodes). 
In Standard anatomical nomenclature, the epicolic nodes are not distin- 
guished as a seperate group, and the nll. paracolici and central groups 
are considered collectively as nll. mesocolici. 



D Lymphatic drainage ofthe rectum 

Anterior view. The rectum has three levels and three principal directions 
of lymphatic drainage (direct or indirect via the pararectal nodi lym¬ 
phoidei on the rectal wall): 

• Upper level: through nll. rectales superiores (not shown here) to nll. 
mesenterici inferiores (-> truncus intestinalis and left truncus lumba- 
lis). 

• Middle level: nll. iliaci interni (-> rightand left trunci lumbales). 

• Lower level: 

- Columnar zone: to nll. iliaci interni. 

- Cutaneous zone: through nll. inguinales superficiales to nodi iliaci 
externi (-> trunci lumbales). 
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18.29 Autonomic Innervation ofthe Hepar, Vesica Biliaris, Gaster, 
Duodenum, Pancreas, and Splen 



A Autonomic innervation ofthe hepar, vesica biliaris, and gaster 

These organs receive their sympathetic supply from the ganglia coe¬ 
liaca. The postsynoptic fibers course with the branches of the truncus 
coeliacus, while the presynaptic fibers form the nn. splanchnici (mainly 
the n. splanchnicus major) and synapse with the postsynaptic neuron 
in the ganglion. They receive their parasympathetic supply from the 
vagal trunks (presynaptic fibers). The truncus vagalis anterior (prepon- 
derance of left n. vagus fibers) terminates at the gaster, while the trun¬ 
cus vagalis posterior goes on to supply large portions ofthe intestinum. 
The anterior and posterior plexus gastrici are distributed to the parietes 
anterior and posterior ofthe gaster. The synapse with the postsynaptic 
parasympathetic neuron occurs in small ganglia located directly on the 
stomach wall. 

Sympathetic and parasympathetic fibers pass along the a. hepatica 
propria to the porta hepatis as the plexus hepaticus. After dividing at 
the hepar, this plexus also distributes fibers to the vesica biliaris and the 
intra- and extrahepatic bile ducts. 



C Referred pain from thehepar, vesica biliaris, and gaster 

The Head zones (see p. 67) of the hepar, vesica biliaris, and gaster ex- 
tend from the right and left regiones hypochondriacae to the regio epi¬ 
gastrica. Vesica biliaris pain may also radiate to the right shoulder (C4, 
n. phrenicus). (There are no Head zones associated with the duodenum 
and splen.) 


B Autonomic innervation ofthe pancreas, duodenum, and splen 

These organs receive their sympathetic supply from the ganglia coeli¬ 
aca and ganglion mesentericum superius. The postsynaptic fibers pass 
along the branches of the truncus coeliacus and a. mesenterica supe¬ 
rior. The presynaptic fibers form the nn. splanchnici major and minor. 
They receive their parasympathetic supply from the trunci vagales 
(mainly the truncus vagalis posterior). 

Sympathetic and parasympathetic fibers course with the a. splenica 
to the splen as the plexus splenicus, and they course with branches of 
the a. splenica and a. mesenterica superior to the pancreas as the plexus 
pancreaticus. The fibers to the duodenum reach that organ via the a. 
gastroduodenalis, a. pancreaticoduodenalis, and rr. duodenales as part 
of the plexus mesentericus superior. The synapse with the second para¬ 
sympathetic neuron occurs in small ganglia located near the organs. 



D Referred pain from ofthe pancreas 

The Head zone ofthe pancreas girdles the abdomen. Pain due to pan- 
creatic disease may be perceived not just in the upper abdomen but 
also in the back. The anterior Head zone overlaps with the zones ofthe 
hepar and gaster. 
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E Innervation ofthe hepar, vesica biliaris, gaster, duodenum, 
pancreas, and splen 

Anterior view. The omentum minus has been broadly removed, and the 
omentum majus has been opened. The colon ascendens and part ofthe 
colon transversum have been removed. The retroperitoneal fat and con¬ 
nective tissue has been partially removed to improve the exposure. The 
plexus viscerales arising from the ganglion coeliacum mainly accom- 
pany the arteries as they pass to their target organs. 

Note : The pylorus is generally supplied by separate rr. pylorici that arise 
from the trunci vagales (parasympathetic supply) and often run initially 
with the rr. hepatici. Because of this arrangement, the function ofthe 
pylorus is not impaired when the trunci vagales are divided distal to the 
origin ofthe rr. pylorici, as it is by a selective proximat vagotomy (see F). 


Thus it is possible to reduce acid production by the parietal cells in the 
corpus and fundus ofthe gasterwithout affecting necessary gastrin pro¬ 
duction in the antrum pyloricum and pylorus or compromising the mo¬ 
tor function ofthe pylorus. 

The ductus hepaticus and bile ducts receive their autonomic supply 
from parasympathetic rr. hepatici that join the sympathetic fibers in the 
plexus hepaticus. The plexus hepaticus accompanies the a. hepatica pro¬ 
pria to the hepar and gives off branches that supply the vesica biliaris 
and biliary tract. The splen and pancreas receive autonomic fibers from 
the plexus splenicus and pancreaticus. The duodenum derives part of 
its supply from the ganglion mesentericum superius and plexus mesen¬ 
tericus superior. 



R. pyloricus of truncus 
vagalis anterior 


F Selective proximal vagotomy 

Impulses from the n. vagus stimulate the production of HCI (hydrochlo- 
ric adic). Thus, a selective proximal vagotomy may be considered for the 
treatment of gastric hyperacidity that is refractory to medical treatment. 
This is an operation in which the vagus fibers that stimulate the acid- 
producing parietal cells (mainly in the corpus gastricum and fundus gas¬ 
tricus) are transected on the stomach wall, at a site which is past the ori¬ 
gin ofthe rr. pylorici from the trunci vagales. The rr. pylorici are left in- 
tact, ensuring the maintenance of normal pyloric function. 
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18. Organs ofthe Digestive System and their Neurovasculature 


18.30 Autonomic Innervation ofthe Intestinum: 

Distribution of the Plexus Mesentericus Superior 



— Sympathetic fibers Nn. splanchnici 

Parasympathetic fibers pelvici (S 2-S4) 







Intestinum 

tenue 

Intestinum 

crassum 


B Referred pain from the 
intestina tenue and crassum 

In many cases the pain associated 
with intestinal diseases is not lo- 
calized precisely to the bowel. Fre- 
quently the pain is projected to the 
color-shaded areas on the abdomi- 
nal wall. 


A Autonomic distribution ofthe plexus mesentericus superior 

While a ciear distinction is drawn between the intestina tenue and 
crassum topographically and histologically, autonomic innervation is 
based on the supply of a particular intestinal segment by a particu- 
lar plexus, regardless of whether that segment is part of the intesti¬ 
num tenue or intestinum crassum. The main distinction to be made 
is whether the intestinal segment is supplied by the plexus mesen¬ 
tericus superior or inferior. This principle is illustrated in the above dia- 
gram: 

Sympathetic innervation: 

• The jejunum, ileum, coecum, colon ascendens, and the proximat two- 
thirds ofthe colon transversum are supplied by postsynaptic branches 
of the ganglion mesentericum superius via the plexus mesenteri¬ 
cus superior, which is distributed to the various intestinal segments 
along the branches ofthe a. mesenterica superior. 

• Similarly, the distal third ofthe colon transversum, the colon descen¬ 
dens, colon sigmoideum, and upper rectum are innervated by postsyn¬ 
aptic branches ofthe ganglion mesentericum inferius and the associ¬ 
ated plexus, which is distributed along the branches ofthe a. mesen¬ 
terica inferior. 

• The middle and lower rectum are supplied by the nn. splanchnici lum¬ 
bales and sacrales via the plexus hypogastricus inferior (the supply to 
the three levels ofthe rectum is shown on p. 280). 


The ganglion mesentericum superius, then, provides sympathetic in¬ 
nervation to the entire intestinum tenue and part of the intestinum 
crassum, supplying by far the greater portion of the entire bowel. 

The parasympathetic innervation ofthe intestina tenue and crassum is 
analogous to their sympathetic innervation. 

• The intestinum tenue, caecum, colon ascendens, and proximat two-thirds 
of the colon transversum are supplied by the truncus vagalis and its 
branches. 

• The remaining colon and rectum are innervated by the nn. splanchnici 
pelvici from segments S2-S4 (see p. 280). Some of these nerves have 
their synapses in ganglion cells within the plexus hypogastricus infe¬ 
rior and some in ganglion cells on the organ wall. 

Thus, the truncus vagalis (i.e., elements ofthe pars cranialis ofthe pars 
parasympathica of the nervous system) provides parasympathetic in¬ 
nervation to the entire intestinum tenue and part of the intestinum 
crassum, supplying the greater portion of the entire bowel. A site on 
the colon transversum called the Cannon-Bohm point marks the bound- 
ary between the proximal and distal territories of the autonomic ner¬ 
vous system. 
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18. Organs ofthe Digestive System and their Neurovasculature 


R. hepaticus trunci Truncus vagalis 
vagalis anterioris posterior 


Truncus vagalis 
anterior 


N. splanchnicus 
major dexter 


Plexus 

hepaticus 

R. pyloricus 
trunci vagalis 
anterioris 

Ganglion 

aorticorenale 

Ganglion mesen¬ 
tericum superius 

Plexus testicularis 
(ovaricus) 


A. colica dextra 
with plexus 
autonomicus 


A. ileocolica 
with plexus 
autonomicus 



R. coeliacus trunci 
vagalis posterioris 


N. splanchnicus 
major sinister 

Ganglia coeliaca 

Plexus splenicus 

N. splanchnicus 
minor sinister 

Plexus renalis 


Plexus mesen¬ 
tericus superior 


Aa. jejunales 
and ileales with 
plexus 

autonomicus 


C Autonomic distributiori ofthe plexus mesentericus superior 
to the intestinum 

Anterior view. The hepar has been retracted superiorly, and the gaster 
and pancreas have been partially removed. Most ofthe distal part ofthe 
colon transversum has been removed, and all loops of intestinum tenue 
have been reflected toward the left side. 

The postsynaptic branches of the ganglion mesentericum superius 
(sympathetic supply) pass along the branches of the a. mesenterica 
superior in the mesenterium as the plexus mesentericus superior, being 


distributed to the jejunum, ileum, caecum (and appendix vermiformis), 
and the colon as far as the junction ofthe middle and distal thirds ofthe 
colon transversum. Past that point the bowel receives its sympathetic 
innervation from the ganglion mesentericum inferius (not visible here). 
Parasympathetic innervation from the jejunum to the distal third 
of the colon transversum is supplied by the truncus vagalis and its 
branches. The innervation of the remaining colon and rectum is de- 
scribed on p. 280. 
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18. Organs ofthe Digestive System and their Neurovasculature 


18.31 Autonomic Innervation of the Intestinum: Distribution of the 
Plexus Mesentericus Inferior and Plexus Hypogastricus Inferior 



A Autonomic distribution ofthe plexus mesentericus inferior and 
plexus hypogastricus inferior 

Note: The autonomic innervation of the bowel is not divided anatomi- 
cally between the intestina tenue and crassum. It is best understood in 
terms of the particular bowel segment that is supplied by a particular 
plexus (plexus mesentericus superior or inferior, plexus hypogastricus 


inferior). Because this unit is concerned mainly with the distribution of 
the plexus mesentericus inferior and plexus hypogastricus inferior (see 
also C), the regions supplied by these plexuses are highlighted in the 
above diagram. Further details on the innervation pattern are given on 
p. 217. 


Tunica muscularis, Tunica muscularis, 

stratum longitudinale stratum circulare 



B Organization ofthe plexus entericus 

The plexus entericus is the portion of the autonomic nervous system 
that specifically serves ali the organs ofthe gastrointestinal tract. Located 
within the wall of the digestive tube (intramural nervous system), it 
is subject to both sympathetic and parasympathetic influences. Con- 
genital absence ofthe plexus entericus leads to severe disturbances of 
gastrointestinal transit (e.g., Hirschsprung disease). The plexus enteri¬ 
cus has basically the same organization throughout the gastrointesti¬ 
nal tract, although there is an area in the wall ofthe lower rectum that 

is devoid of ganglion cells (see p. 235). Three subsystems are distin- 

guished in the plexus entericus: 

• Plexus submucosus (Meissner’s plexus) 

• Plexus myentericus (Auerbach’s plexus) 

• Plexus subserosus 
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18. Organs ofthe Digestive System and their Neurovasculature 


Colon 

transversum 


Aa. colica media and 
dextra with plexus 
autonomicus 


Plexus inter¬ 
mesentericus 


A. ileocolica with 
plexus autonomicus 


Colon ascendens 


Plexus hypo¬ 
gastricus superior 

N.hypo¬ 
gastricus dexter 

N. hypogastricus 
sinister 

Plexus rectalis 
superior 



A. colica sinistra 
with plexus 
autonomicus 

Colon 

descendens 

Ganglion mesen¬ 
tericum inferius 

Plexus mesen¬ 
tericus inferior 


Aa. sigmoideae 
with plexus 
autonomicus 


Rr. of plexus 
hypogastricus 
inferior to cola 
desendens and 
sigmoideum 


C Autonomic distributiori ofthe plexus mesentericus inferior and 
plexus hypogastricus inferior to the bowel 

Anterior view. The jejunum and ileum have been removed, leaving a 
short ileal stump on the caecum. The colon transversum has been re- 
flected superiorly, and the colon sigmoideum has been retracted infe- 
riorly. 

Sympathetic innervation: 

• The caecum, appendix vermiformis, colon ascendens, and proxima! two- 
thirds ofthe colon transversum (plus ali of the intestinum tenue, not 
visible here) are supplied by postsynaptic branches of the ganglion 
mesentericum superius. 

• The distaI third of the colon transversum, colon descendens, colon sig¬ 
moideum, and upper rectum are supplied by postsynaptic branches 
ofthe ganglion mesentericum inferius, which follow the branches of 


the a. mesenterica inferior as the plexus mesentericus inferior. 

• The middle and lower rectum are supplied by the nn. splanchnici lum¬ 
bales and sacrales via the plexus hypogastricus inferior (which follows 
the visceral branches ofthe a. iliaca interna). 

Parasympathetic innervation is also divided at the junction of the 

middle and distal thirds ofthe colon transversum: 

• The proximat portion is innervated by the truncus vagalis and its 
branches (i.e., the pars cranialis of the pars parasympathica of the 
nervous system). 

• The distal portion is innervated by the nn. splanchnici pelvici of seg- 
ments S2-S4 and parts ofthe plexus hypogastricus inferior (i.e., the 
pars sacralis of the pars parasympathica of the nervous system; see 
also p. 219). 
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19. Organs ofthe Urinary System and their Neurovasculature 


19.1 OverView of the Urinary Organs; 
The Renes in situ 



Gl. suprarenalis V. cava 

dextra inferior 


Gl. suprarenalis 
sinistra 


Hepar 

Colon 

transversum 

Ren dexter 
Colon ascendens 
Ureter dexter 

Rectum 

Vesica urinaria 



Splen 
Gaster 
Ren sinister 
Colon 

descendens 

Aorta 

abdominalis 

Colon 

sigmoideum 


A Projection of the renes and other urinary organs onto the 
skeleton 

Anterior view. The gll. suprarenales are also shown to aid orientation. 
The renes are located next to the columna vertebralis and are high 
enough that they overlap the eleventh and twelfth ribs. The hilum re¬ 
nale is situated at the L1/L2 level. Usually the right ren is somewhat 
lower than the left ren due to the space occupied by the hepar (see p. 
374). The vesica urinaria is shown fully distended in the diagram. When 
empty, it is considerably smaller and is hidden behind the symphysis pu¬ 
bica. The ureteres descend in the retroperitoneum and open into the 
vesica urinaria from the posterior side. 


B Projection of the urinary organs onto the organs of the 
abdomen and pelvis 

Anterior view. Owing to its large size, the hepar displaces the right ren 
slightly inferiorly. The vesica urinaria is shown in a fully distended state. 
It is anterior to the rectum in the male and anterior to the uterus (not 
shown here) in the female. Because of this relationship, marked disten- 
tion ofthe ampulla recti or enlargement ofthe uterus due to pregnancy 
exerts greater pressure on the vesica urinaria, creating an urge to uri¬ 
nate even when the vesica urinaria is not full. Urinary incontinence may 
develop due to pathological processes of longer duration, such as mus- 
cular tumors of the uterus (fibroids), or due to weakening of the vesica 
closure mechanism as a resuit of previous vaginal deliveries (descent of 
the muscular diaphragma pelvis). 



Cavitas 

pleuralis 

dextra 

Ren 

dexter 

3-4cm 

Ilium 



C Location ofthe renes, normal vs. pathological mobility 
a Posterior view. The cavitates pleurales overlap the renes posteriorly 
owing to the convexity ofthe diaphragma. 

Note that the right ren is lower than the left ren and is closer to the 
palpable crista iliaca. 

b, c Anterior view. The renes are located in the retroperitoneum just 
below the diaphragma. Hence they move passively with the dia¬ 
phragma during respiratory excursions, moving inferiorly and slightly 
laterally during inspiration because of their oblique position (their 
poli inferiores point away from the spine, see oblique red lines in a). 


These passive movements may cause respiration-dependent pain in 
patients with renal disease. A pathological increase in renal mobility 
(“floating kidney,” see c) results from atrophy ofthe capsula adiposa 
that normally surrounds the renes and keeps them in a stable posi¬ 
tion. A wasting illness (e.g., metastatic tumors of varying origin) may 
cause such severe fatty atrophy that the renes descend to a lower 
level in the abdomen. As they are stili tethered by the ureter and vas- 
cular stalk, this descent may kink the renal vessels or ureter and inter- 
fere with renal blood flow or urinary outflow. 
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19. Organs ofthe Urinary System and their Neurovasculature 


A. and v. phrenica V. cava A. and v. phrenica 

inferior dextra inferior Oesophagus inferior sinistra 


A. suprarenalis 
dextra 

Aorta 

abdominalis 

Gl. suprarenalis 
dextra 

V. suprarenalis 
dextra 

A. mesenterica 
superior 

A. suprarenalis 
inferior dextra 

A. renalis dextra 

V. renalis dextra 

Ren dexter 

Capsula adiposa 

Ureter dexter 

Vasa ovarica 
dextra 

A. mesenterica 
inferior 

Fascia renalis, 
anterior layer 

A. iliaca 
communis dextra 

M. psoas major 

Peritoneum 

parietale 

A. iliaca 
externa dextra 



A. suprarenalis 
sinistra 

Gl. suprarenalis 
sinistra 

Truncus coeliacus 

A. suprarenalis 
media sinistra 

A. suprarenalis 
inferior sinistra 

V. suprarenalis 
sinistra 

A. renalis sinistra 

V. renalis sinistra 

V. ovarica sinistra 

Ureter sinister 

V. lumbalis 
ascendens sinistra 

N. iliohypo¬ 
gastricus 

N. ilioinguinalis 

A. and v. 
ovarica sinistra 

N.cutaneus 
femoris lateralis 

N. genito¬ 
femoralis 

V. mesenterica 
inferior 


Ovarium 

Tuba uterina 

Vesica 

Uterus 

dextrum 

dextra 

urinaria 



Mesocolon Colon 

sigmoideum sigmoideum 


D The urinary organs in situ 

Anterior view of an opened female abdomen. The splen and gastroin- 
testinal organs have been removed to the colon sigmoideum, and the 
oesophagus has been pulled slightly inferiorly. The capsula adiposa re- 
mains partially intact on the right side, removed on the left side. The 
renes and gll. suprarenales are incorporated into the retroperitoneum 
by the structural fat of this capsule. The moderately distended vesica 
biliaris is just visible above the symphysis pubica in front of the uterus. 
The peritoneum parietale has been removed to provide a ciear view into 
the retroperitoneum. 


Note: The ureteres pass behind the ovarian vessels and in front of the 
iliac vessels as they descend in the retroperitoneum. These sites repre- 
sent clinically important constrictions of the ureter where a stone from 
the pelvis renalis may become lodged (see B, p. 293). 

In most cases the renes are not oriented parallel to the coronal plane. 
The hilum renale, where the blood vessels and ureter enter and leave 
the renes, is directed anteromedially (see Ab, p. 284). Also, the renal 
poli superiores are closer together than the poli inferiores, so that the 
renes appear slightly “tilted” toward the midline. Thus the hilum renale 
also points slightly downward. 
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19. Organs ofthe Urinary System and their Neurovasculature 


19.2 Renes: 

Location, Shape, and Structure 


A Position ofthe renes in the renal bed 

Right renal bed. a Sagittal section at approx- 
imately the level of the hilum renale, viewed 
from the right side, b Transverse section 
through the abdomen at approximately the 
L1/L2 level, viewed from a bove. 

The renal bed is located on each side of the 
spine in the retroperitoneum. It contains the 
renes, which are invested by a thin organ cap- 
sule (renal capsula fibrosa), and the gll. supra¬ 
renales, which are surrounded by the perire- 
nal capsula adiposa that also encloses the 
kidneys. The capsula adiposa is thicker posteri- 
orly than anteriorly. 

Note: Swelling of the ren (usually due to in- 
flammation) may cause severe pain due to 
stretching ofthe capsula fibrosa. 

The capsula adiposa is surrounded by the fas¬ 
cia renalis, which separates it from its sur- 
roundings by two layers: 

• The anterior layer behind the peritoneum 
parietale (to which it is fused at some sites) 

• The posterior layer, which is partially at- 
tached to the fascia transversalis and mus- 
cular fasciae on the posterior trunk wall 

The fascia renalis, and thus the renal bed, is 
open inferiorly and medially to allow passage 
ofthe ureter and renal vessels. It is closed lat- 
erally and superiorly by fusion of the fascial 
layers. Because of this arrangement, inflam- 
matory processes that are adjacent to the ren 
but within the fascia renalis tend to spread to 
the contralateral side or inferiorly and may 
spread into the pelvis. 

Note: The entire renal bed moves down- 
ward during inspiratory depression of the di- 
aphragm, indirectly causing the ren and gl. 
suprarenalis to move as well. This differs 
from the hepar, which is attached to the dia¬ 
phragma (area nuda) and is directly moved by 
diaphragma excursions. 


Pulmo dexter 

Cavitas pleuralis 

Diaphragma 

Capsula adiposa 

Gl. suprarenalis 
dextra 

Spatium retro¬ 
peritoneale 

Ren dexter 

Hilum renale 

Capsula 
fobrosa renis 


Fascia renalis, 
posterior layer 



Crista iliaca 




Cavitas 

peritoneale 

Attachment 
between hepar and 
diaphragma 


Hepar 


Fascia renalis, 
anterior layer 


Duodenum, 
pars descendens 

Greater omentum 
(right edge) 


Colon 

transversum 


Aorta V. cava Peritoneum 

abdominalis inferior parietale 



B Renal bed: Fasciae and capsulae ofthe renes 


Capsula fibrosa 

Perirenal capsula 
adiposa 

Fascia renalis 


Thin, firm connective-tissue capsule that closely invests each ren 

Mass of fat that surrounds the renes and gll. suprarenales and completely 
occupies the renal bed; it is thickest lateral and posterior to the renes 

Connective-tissue fascial sac that encloses the perirenal capsula adiposa, 
portions ofthe pars abdominalis aortae and v. cava inferior close to the 
ren (see Ab), and the proximal ureter; subdivided into a thin anterior layer 
and a thick posterior layer (see Aa) 
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Capsula 

adiposa 


Gl. suprarenalis 
dextra 


Polus superior 


Polus superior 



r 

v U 


V* 




T* 


Margo 

lateralis 

Hilum 

renale 



Aa. suprarenales 
superiores 


A. suprarenalis 
media 

V. suprarenalis 
dextra 


Polus inferior 


C Structure and shape ofthe ren 

Anterior view (a), posterior view (b), and me- 
dial view (c) ofthe right ren. The gl. suprarena¬ 
lis is left intact in a and b, and the ureter has 
been cut at the level ofthe polus inferior. The 
capsula fibrosa that directly invests the ren is 
intact in a and c and has been partially opened 
in b to display the underlying renal paren¬ 
chyma. The sinus renalis (the deep space into 
which the hilum renalis opens) generally con- 
tains a certain amount of structural fat, and so 
the vascular structures and pelvis renalis are 
not exposed to view intraoperatively as they 
are in these drawings. The normal ren mea- 
sures an average of 12 x 6 x 3 cm (L x W x T) 
and weighs 150-180 g. It has 

• two poles (polus superior and inferior), 

• two surfaces (facies anterior and posterior), 
and 

• two borders (margo lateralis and medialis). 

The margo medialis bears the hilum renale, 
where vascular structures and the ureter enter 


A. suprarenalis 
inferior 

Margo medialis 

A. renalis dextra 
V. renalis dextra 

Pelvis renalis 


Ureter dexter 


Facies 

anterior 

Hilum 

renale 



Facies 

posterior 

Margo 

medialis 

A. renalis 
dextra 

Pelvis 

renalis 

V. renalis 
dextra 

Ureter 

dexter 


Polus inferior 


Aa. suprarenales 
superiores 


Gl. suprarenalis 
dextra 


Capsula 

adiposa 
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Pelvis renalis 
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Cortex 

renalis 


Capsula 
fibrosa renis 

Hilum 

renale 


Margo 

lateralis 


Facies 

posterior 


Polus inferior 


and leave the ren. The shallow surface grooves 
resuit from the embryonic lobulation of the 
ren. The hilar structures are usually arranged 
as follows from anterior to posterior (as shown 
in c): right v. renalis, right a. renalis, and right 
ureter. 

Note: The a. renalis is usually posterior to the 


v. renalis because the right a. renalis passes to 
the right ren behind the v. cava inferior (where 
the vv. renales terminate), while the left v. re¬ 
nalis passes to the left ren in front of the pars 
abdominis aortae (which gives origin to the 
aa. renales). The left a. renalis may also loop 


around the left v. renalis from above to occupy 
an anterior position. The ureter leaves the pel¬ 
vis renalis (see p. 286) below the vessels and is 
usually somewhat posterior in relation to the 
blood vessels. 
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19. Organs ofthe Urinary System and their Neurovasculature 


19.3 Renes: 

Architecture and Microstructure 


Polus superior 

Pyramis renalis 

Papilla renalis 

Calix renalis 
minor 

Calix renalis 
major (calix 
superior) 


Cortex 

renalis 


Medulla 

renalis 
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(medullary rays) 
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fibrosa 
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Tubulus metanephricus Macula 

distalis, pars recta densa 


Arteriola glomerularis 
afferens 


Juxtaglomerular cells (modified 
smooth-muscle cells in 
arteriola glomerularis afferens) 

Vascular pole of 
glomerulus 

Capillary loops with 
podocytes (visceral layer 
of Bowman’s capsule) 



Urinary pole 
of glomerulus 


Arteriola 

glomerularis 

efferens 

Extraglomerular 
mesangial cells 


Glomerular capsule 
(parietal layer of 
Bowman’s capsule) 

Urinary space 


Initial part of tubulus 
metanephricus proximalis 


A Macroscopic structure ofthe ren 

Posterior view of a right ren with the upper 
half of the ren partially removed. The renal 
parenchyma consists of an outer cortex rena¬ 
lis and inner medulla renalis: 

• The cortex renalis is a relatively thin layer 
that lies beneath the capsula fibrosa and 
forms columns (columnae renales) that ex- 
tend between the pyramides renales ofthe 
medulla. The cortex and columnae contain 
approximately 2.4 million corpuscula rena¬ 
lia (which contain the glomeruli, see B) as 
well as the proximal and distal renal tubuli 
(see C). 

• The medulla renalis consists of approxi¬ 
mately 10-12 pyramides renales. The bases 
of the pyramides are directed toward the 
cortex and capsula, while their apices con¬ 
verge toward the pelvis renalis. The medulla 
renalis mainly contains the ascending and 
descending limbs ofthe renal tubuli. 

The pelvis renalis is described on p. 288. 



Directiori of 
blood flow 


Mesangial 

cells 


B Corpusculum renale 

a With the capsula glomerularis opened; b In section. 

The corpusculum renale is the interface between the blood vessels and 
the excretory portion of the urinary tract (see C). It consists of a Cen¬ 
tral convoluted vascular loop, the glomerulus, and a bulbous envelope 
lined by squamous epithelial cells, the capsula glomerularis (Bowman’s 
capsule). Blood enters the glomerulus at the vascular pole of the cor¬ 
pusculum renale by flowing through the arteriola glomerularis afferens, 


and it leaves the glomerulus through the arteriola glomerularis efferens. 
The primary urine is formed within the corpusculum renale and drains 
through a tubular system at the urinary pole ofthe glomerulus. The ini¬ 
tial portion of this tubular system that is connected to the capsula glo¬ 
merularis is the tubulus metanephricus proximalis (see C) 

Note: Specialized cells at the vascular pole of the corpusculum renale 
regulate the blood pressure that is necessary for ultrafiltration. 
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C Architecture ofthe renal vessels and 
intrarenal collecting system 
a Renal vessels: Sectional view of a pyramis 
renalis with adjacent cortical areas. The in¬ 
trarenal vascular and collecting systems are 
closely interrelated spatially and function- 
ally. An ultrafiltrate from the blood (primary 
urine) drains into a microscopically small 
system of renal tubules. Blood flow to the ren 
(a) is supplied by aa. interlobares that pass 
along the sides of the pyramides renales 
from the hilum renale. Each a. interlobaris 
supplies two adjacent pyramides renales 
and the associated cortical zones (these 
branches are not shown). At the base of the 
pyramid, the a. interlobaris gives rise to the 
a. arcuata, from which the aa. interlobula¬ 
res are distributed into the cortex renalis 
as far as the capsula fibrosa. The arteriolae 
glomerulares afferentes that arise from an a. 
interlobularis each supply one glomerulus. 
The arteriolae glomerulares efferentes that 
emerge from the glomerulus are stili car- 
rying blood at a high oxygen tension; they 
supply the cortex or medulla renalis, 
b Intrarenal collecting system: The smallest 
functional unit of the kidney is the neph- 
ronum, which consists of the corpuscu¬ 
lum renale (see B), tubuli, and ductus col¬ 
ligentes. There are approximately 1 million 
nephrona, which process approximately 
1700 liters of blood daily to form approxi¬ 
mately 170 liters of primary urine. This pri¬ 
mary filtrate enters the tubular system at 
the urinary pole of the corpusculum re¬ 
nale and reaches the papilla renalis as the 
fmal urine, which drains into the calyceal 
system (approximately 1.7 liters/day). The 
tubular system consists of the tubuli proxi¬ 
males and distales (each with a pars con¬ 
voluta and pars recta) and an intermedi- 
ate tubule (with descending and ascending 
limbs). The intermediate tubule and the ad¬ 
jacent straight portions of the tubuli proxi¬ 
malis and distalis comprise the loop of Henle 
(ansa nephroni). While passing through the 
tubular system, substances contained in the 
filtrate (mainly water) are reabsorbed while 
other substances (e.g., ions) are secreted 
into the filtrate. This process yields the fi- 
nal urine, which passes through a tubulus 
colligens into a ductus colligens and drains 
through the papilla renalis into the caliceal 
system. It is conveyed from the calices re¬ 
nales and pelvis renalis to the ureter by peri¬ 
stalsis. 


287 

























































Abdomen and Pelvis 


19. Organs ofthe Urinary System and their Neurovasculature 


19.4 Pelvis Renalis and Urinary Transport 


Polus superior 
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Ureter dexter 


Cortex 

renalis 


Radi 
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Polus inferior 


A Structure and shape ofthe pelvis renalis 

Mid-longitudinal section through a right kid- 
ney, posterior view. The pelvis renalis lies pos¬ 
terior to the renal vessels and is continuous in- 
feriorly with the ureter. It may vary in shape 
(see B). It is usually divided into two or three 
indistinctly separable calices renales majores, 
which further divide into calices renales mi¬ 
nores. They encompass the tips of the papil¬ 
lae renales in such a way that urine drains from 
the papillae into the calix without entering the 
renal parenchyma. Smooth-muscle fibers in 
the calices, pelvis renalis, and ureter (for de- 
tails about wall structure, see D), enable these 
structures to undergo peristaltic contractions 
(see C). 

Note: Stones (see C, p. 293) that form in the ca¬ 
lices or pelvis renalis may become so large that 
they more or less fili the cavity and assume its 
shape (caliceal stone, staghorn calculus). 


B Variations in the shape ofthe pelvis 
renalis 

Anterior view of the left pelvis renalis. The pel¬ 
vis renalis and ureter develop from an out- 
growth of the ductus mesonephricus. This 
gemma ureterica grows from the bony pelvis 
toward the renal primordium and unites with 
it. Branching extensions of the pelvis renalis 
form the calices renales majores and minores. 
The calices renales majores in particular vary 
in number and shape: neighboring calices re¬ 
nales majores may fuse and “become incorpo- 
rated” into the pelvis renalis. The pelvis renalis 
is found in basic forms along with transitional 
forms: 

• Typus dendriticus (with extensive branch¬ 
ing, also called linear) (a): very fine calices 
majores, narrow pelvis renalis; 

• Transitional form (b); 

• Typus ampullaris (c): indistinct calices majo¬ 
res with wide pelvis renalis; calices minores 
arise “directly” from the pelvis renalis. 


Calix renalis minor Calix renalis minor 




Calix renalis minor 
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C Closure mechanisms ofthe calices 
renales and pelvis renalis; urinary 
transport 

(after Rauber and Kopsch) 

Schematic representation of a ren (b) with 
magnified sections of a calix renalis (a) and 
pelvis renalis (c) and a dynamic functional di- 
agram of the calix and pelvis renalis during 
urinary transport (d). Urine is transported by 
an active mechanism. The smooth muscula- 
ture of the mm. sphincteres fornicis and ca¬ 
lices (a) and the m. sphincter pelvicis (c) (the 
functional sphincter system) enables the wall 
ofthe calices and pelvis renales to contract in 
segments. These contractions are continuous 
with the peristaltic waves of the ureter, with 
the resuit that the urinary tract is never pat¬ 
ent over its entire length but is patent in some 


portions and closed in others (d). This main- 
tains a distal flow of urine from the tip of the 
papilla renalis into the calix renalis, through 
the pelvis renalis, into the ureter, and on to- 
ward the vesica urinaria while preventing the 
reflux of urine into the renes. 

Note: If this active transport process is impaired 
(e.g., by renal stones or drugs that inhibit the 
ureteral muscles), urine may reflux into the ren 
and incite an inflammatory process in the pel¬ 
vis renalis. The papillae, calices, and pelvis re¬ 
nales are often affected jointly by disease (e.g., 
inflammation) because of their close proxim- 
ity to one another. One of the most common 
diseases is suppurative bacterial pyelonephritis 
(pyelo-, referring to the pelvis renalis, from Gr. 
pyelos— trough, tub, or vat). 


M. sphincter 
calicis, closed 




Tunica mucosa 

Tela submucosa 

Tunica muscularis, 
stratum longitudinale 

Tunica muscularis, 
stratum circulare 

Tunica adventitia 



D Wall structure ofthe ureter 

Transverse section through a ureter. A characteristic feature is the stel¬ 
late lumen that appears in cross-section due to the longitudinal muco- 
sal folds. As in the urethra and vesica urinaria, the ureteral tunica mu¬ 
cosa consists of a transitional epithelium of varying height (see p. 297). 
The smooth muscle (tunica muscularis) consists basically of a longitudi¬ 
nal and a circular layer. It is powerfully developed and shows a function- 
ally spiral architecture (see E). When a renal stone enters the ureter, the 
smooth muscle in the ureteral wall undergoes powerful contractions in 
an effort to expel the stone, causing very severe pain (renal or ureteral 
colic). The colic may be relieved by drugs that suppress the activity of 
the parasympathetic nervous system, though this will also inhibit nor- 
mal urinary transport to the vesica urinaria. The pelvis renalis is struc- 
turally analogous to the ureter, including the stellate shape of its lumen. 


E Arrangement of the ureteral musculature (after Graumann, von 
Keyserlingk, and Sasse) 

Schematic cross-sections at various levels of the ureter. The longitudi¬ 
nal and circular muscle layers of the ureter wall have a slightly oblique 
arrangement, forming a kind of spiral that propels urine toward the ve¬ 
sica urinaria by peristaltic contractions. Although the ureteres are richly 
innervated, the peristaltic contractions are instigated by spontaneously 
depolarizing smooth-muscle cells in the walls ofthe pelvis renalis. Peri¬ 
staltic waves of contraction (with a speed of 2-3 cm/s) are propagated 
through direct electrical connections (gap junctions) between adjacent 
smooth-muscle cells. Autonomic motor innervation and local sensory 
reflexes serve to modulate this intrinsic activity. This mechanism may 
thus have some superficial similarities to the system that Controls heart- 
beat. 
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19.5 Glandulae Suprarenales 



V. suprarenalis 
dextra 

A. suprarenalis 
media dextra 

A. suprarenalis 
media dextra 

V. suprarenalis 
dextra 


Ureter dexter 



A Location and shape 

a Location of the gl. suprarenalis on the right ren. b Isolated left gl. 
suprarenalis, anterior view. 

The facies renalis of each v lies upon the polus superior of the associated 
ren. A thin layer of fat separates the gl. suprarenalis from the renal cap¬ 
sula fibrosa (making it easy to dissect the gland from the ren). The peri- 


renal capsula adiposa, however, encompasses both the ren and the gl. 
suprarenalis. 

Note: The entire gl. suprarenalis cannot be seen while in situ, and its true 
size is not appreciated until it has been detached from the ren. Portions 
descend on the posterior surface of the ren and are not visible in situ. 



V. suprarenalis 
dextra 

Margo 

medialis 

Cortex 

Capsula fibrosa 
V. centralis 
Medulla 


B Structure ofthe glandula suprarenalis 

a Right gl. suprarenalis, cut open. b Histological section from a gl. su¬ 
prarenalis. 

The gl. suprarenalis consists of an outer cortex and an inner medulla 
(see a). The cortex glandulae suprarenalis is covered by a thin fibrous 
capsule and consists of three morphologically distinet zones (see b) in 
which adrenocortical hormones are produced and secreted into the 
bloodstream. These zones are, from outside to inside: 

• Zona glomerulosa: mainly secretes mineralocorticoids (aldosterone) 

• Zona fasciculata: mainly secretes glucocorticoids (hydrocortisone) 

• Zona reticularis: sex hormones (estrogens and androgens) 

Note: Loss or deficiency of both cortices glandularum suprarenalium 
leads to Addison disease, while hyperfunction of the cortex glandulae 
suprarenalis (or adrenocortical tumors) leads to Cushing syndrome. 

The medulla glandulae suprarenalis is essentially a completely differ¬ 
ent endocrine gland, of different origin, that happens to be anatom- 
ically (but also functionally) associated with the cortex glandulae su¬ 
prarenalis. The cortex is derived embryonically from mesoderm lining 
the posterior abdominal wall. The medulla glandulae suprarenalis is, by 
contrast, a crista neuralis derivative, and thus has an ectodermal ori¬ 
gin. The catecholamines epinephrine and norepinephrine are produced 


Zona 

glomerulosa 


Sinusoid 

capillaries 


b 



Capsula 

fibrosa 


Zona 

fasciculata 


Zona 

reticularis 


Medulla 


in the medulla glandulae suprarenalis and are released into the blood¬ 
stream. From a (neuro)functional standpoint, the medulla glandulae su¬ 
prarenalis is less a gland than a ganglion sympathicum: presynaptic sym- 
pathetic neurons pass from the nn. splanchnici major and minor into 
the medulla glandulae suprarenalis. Because the gll. suprarenales are 
endocrine glands and ganglia sympathica in one, they can secrete both 
epinephrine and glucocorticoids (cortisone) in response to stress. 
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V. cava inferior 
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C Right and left glandulae suprarenales in situ 

Anterior view of the right (a) and left (b) ren and gl. suprarenalis with 
the perirenal capsula adiposa removed. To demonstrate the vessels be- 
hind the gl. suprarenalis, the v. cava has been retracted medially in a 
and the pancreas has been retracted inferiorly in b. The principal differ- 
ences between the two gll. suprarenales are as follows: 

• The right gl. suprarenalis is often somewhat smaller than the left gl. 
suprarenalis, which frequently extends inferiorly to the hilum renale. 

• The right gl. suprarenalis is pyramid-shaped while the large left gl. 


suprarenalis is more oblong. The right gl. suprarenalis is normally in 
contact with the v. cava inferior (retracted medially here), but the left 
gl. suprarenalis is not in contact with the aorta abdominalis . 

• The v. suprarenalis dexter usually opens directly into the v. cava infe¬ 
rior, unlike the v. suprarenalis sinistra, which opens into the left v. re¬ 
nalis. 

Note: The gll. suprarenales are richly vascularized because, as endocrine 
organs, they release their hormones directly into the bloodstream. 
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19.6 Ureteres in situ 
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A Course ofthe ureter in the abdomen and pelvis 

Anterior view, male abdomen. AII organs have been removed except the 
urinary organs, gll. suprarenales, and a rectal stump. The oesophagus 
has been pulled slightly downward, and the capsula adiposa ofthe right 
ren has been partially preserved. A prolongation ofthe pelvis renalis, the 
ureter passes inferiorly and slightly anterior in the retroperitoneum for a 
length of approximately 26-29 cm. It opens into the posterior aspect of 
the vesica urinaria. Anatomically, the ureter consists of three parts: 

• Pars abdominalis (from the pelvis renalis to the linea terminalis of the 
bony pelvis) 

• Pars pelvica (from the linea terminalis to the bladder wall) 

• Pars intramuralis (passes through the bladder wall) 


The ureter is also divided into three clinical segments, based more on 
the presence of a free segment and two organ-bound segments than 
on the anatomical boundary between the partes abdominalis and pel¬ 
vica: 

• Renal segment (connected to the ren) 

• Lumbar segment (between the ren and vesica urinaria) 

• Vesical segment (in the bladder wall, corresponds anatomically to 
the pars intramuralis). 

The most common congenital anomalies of the ureter are duplication 
anomalies and clefts. They may allow urine to back up to the ren (e.g., 
a cleft may allow reflux due to deficient vesicoureteral closure), produc- 
ing an infection that ascends from the vesica urinaria to the pelvis rena¬ 
lis (bacterial pyelonephritis). 
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B Anatomical constrictions ofthe ureter 

There are three normal anatomical constrictions where a stone from the 
pelvis renalis is apt to become lodged: 

• Origin of the ureter from the pelvis renalis (ureteropelvic junction) 

• Site where the ureter crosses over the aa. and vv. iliacae externae or 
communes 

• Passage of the ureter through the vesica wall (ureterovesical junc¬ 
tion). 

Occasionally a fourth constriction can be identified where the a. and v. 
testicularis or ovarica pass in front ofthe ureter. 


V. cava inferior 



C Common sites of occurrence of urinary stones 

When the solubility limit of certain compounds in the urine (e.g., uric 
acid) is exceeded, the compounds do not remain in solution but are pre- 
cipitated to form crystallization nuclei. These calculi (“stones”) may de- 
velop anywhere in the upper urinary tract and may migrate to various 
sites in any ofthe urinary organs (renal and renal pelvic stones, ureteral 
stones, bladder stones, urethral stones). Larger stones are particularly 
apt to become lodged in the ureter, often stimulating powerful waves 
of muscular contractions to expel the stone and causing excruciating 
pain (renal colic, ureteral colic). 


First constriction: 
ureter passes over polus 
inferior (pars abdominalis) 

Possible constriction where 
ureter passes behind vasa 
testicularia/ovarica 

Second constriction: 
ureter crosses over vasa 
iliaca (pars pelvica) 

Third constriction: 
ureter traverses the wall of 
vesica urinaria 
(pars intramuralis) 


D Intravenous urography 

With intravenous urography, which is a radiographic examination, io- 
dinated contrast agent is injected and excreted by the rene. The test 
provides information about renal function, and pathological findings 
such as anomalies, cysts, urinary obstruction, urinary stones, tumors, 
etc. (from: Moller, T.B., E. Reif: Taschenatlas der Roentgenanatomie, 3. 
Aufl. Thieme, Stuttgart 2006). 
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19.7 Vesica Urinaria in situ 
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Peritoneum 
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A Location and peritoneal covering ofthe female (a) and male (b) 
vesica urinaria 

Midsagittal section, viewed from the left side. The vesica urinaria is 
shown slightly distended, raising the uterus to a slightly higher posi- 
tion. The peritoneum extends from the posterior surface of the ante¬ 
rior abdominal wall to the superior surface of the vesica urinaria and is 
reflected onto the organ posterior to the vesica, forming a peritoneal 
pouch. In the female, it forms the excavatio vesicouterina; in the male, it 
forms the excavatio rectovesicalis. Most ofthe vesica urinaria is loosely 
embedded in pelvic connective tissue. 


Note: When the vesica urinaria is distended and thus enlarged, the up- 
per part of the vesica, which is covered by peritoneum urogenitale, is 
pushed so far cranially that the anterior wall of the vesica, which is em¬ 
bedded in the surrounding connective tissue and not covered with peri¬ 
toneum, appears superior to the upper margin of the symphysis pubica 
(like a “sun rising on the horizon”). This provides an access route for 
percutaneous puncture ofthe distended vesica urinaria above the sym¬ 
physis without having to enter the cavitas peritonealis with the needle. 
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B Location ofthe vesica urinaria in the pelvis and on the 
diaphragma pelvis 

Superior view. The uterus is shown upright for clarity. Most of the inte¬ 
stinum crassum has been removed, leaving the peritoneum urogenitale 
intact. The plica vesicalis transversa, a peritoneal fold on the surface of 
the vesica urinaria, is effaced when the vesica is full (as shown here). In 


the female, the vesica urinaria lies inferior to the uterus and elevates it 
when distended. When the structures ofthe diaphragma pelvis (m. le¬ 
vator ani and its fasciae) are weakened due to injuries sustained in a 
vaginal delivery, for example, they may allow the vesica urinaria to de- 
scend, resulting in incontinence. 
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Symphysis pubica 
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Os coxae 

Spatium extraperitoneale 
pelvis with plexus venosus 
vesicalis (paracysticum) 

Fascia pelvis parietalis 

M. levator ani 

M. sphincter urethrae 

Os pubis, r. inferior 
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Peritoneum viscerale 
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Bulbus vestibuli 


C Comparison of the location of the vesica urinaria in the male (a 
and b) and female (c) 

a Superior view with the vesica urinaria pulled slightly posteriorly. Un- 
like in B, the peritoneum urogenitale has been removed; the vesica 
urinaria has an almost spherical shape given that it is well distended. 
The vesica urinaria is located on the muscular sheet of the dia¬ 
phragma pelvis (lying principally upon the m. levator ani and its fas¬ 
cia = fascia superior diaphragmatis pelvis). This area of contact is 
smaller in the male than in the female because the pelvis minor also 
contains the prostata. 


b and c slightly angled coronal section with the vesica urinaria and ure¬ 
thra opened. The portions ofthe vesica urinaria not covered by peri¬ 
toneum are integrated into the pelvis by a connective tissue space, 
which has a well-developed venous plexus. This plexus and the mo¬ 
bile peritoneum viscerale allow for considerable changes in vesica 
size. Like the vesica urinaria itself, the initial portion of the urethra 
is surrounded by connective tissue, and in the male also by the pros¬ 
tata, which lies upon the m. transversus perinei profundus and the 
m. levator ani ofthe diaphragma pelvis. 
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19.8 Vesica Urinaria, Cervix Vesicae, and Urethra: 
Wall Structure and Function 
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A External morphology ofthe vesica urinaria and urethra 

Vesica urinaria in a male (a) and a female (b), viewed from the left side. 
The vesica urinaria is a hollow muscular organ that collects urine pro- 
duced by the renes and passes it to the urethra at the right time. The 
maximum vesica urinaria capacity is between 500 and 700 ml (females 
> males). The desire to urinate is already experienced when the vesica 
urinaria contains about 150-200 ml, and even less in pregnant women 
as the growing uterus ostium urethrae internum pressure on the vesica. 


A normal vesica empties fully without retaining residual urine. The ve¬ 
sica urinaria is subdivided into the corpus vesicae, the posterior fundus 
vesicae, and the anterior apex vesicae, which is continuous with the lig. 
umbilicale medianum (obliterated urachus) at the inner surface ofthe 
anterior trunk wall. The two ureteres, which enter the vesica urinaria 
dorsolaterally, open into the fundus vesicae. The urethra begins at the 
ventrocaudal cervix vesicae. 
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B Muscles of vesica urinaria and urethra 

Vesica urinaria in the male, viewed from the 
left side. The main muscles ofthe vesica are 

• M. detrusor vesicae (bladder emptying) and 

• M. sphincter urethrae internalis (bladder 
closure). 

The main muscles ofthe urethra are 

• M. dilator urethrae (urethral dilation) and 

• M. sphincter urethrae externus (urethral clo¬ 
sure). 

According to Dorscher et al (2001), the mm. 
detrusor vesicae and sphincter urethrae inter¬ 
nus are two morphologically separate muscles 
(see p. 298). The m. detrusor vesicae consists 
of three layers and is responsible for firmly af- 
fixing the vesica urinaria to the pelvis in the an- 
terior-posterior direction. Fibers of its stratum 
externum longitudinale extend posteriorly to 
the m. vesicoprostaticus (or m. vesicovagina¬ 
lis in the female) and in the area of the vesicle 
node anteriorly to the m. pubovesicalis, which 
forms an important part ofthe ventral suspen- 
sion apparatus (see p. 299). The middle (stra¬ 
tum circulare) and internal (stratum internum 
longitudinale) layers end posteriorly above the 
plica interureterica (see C). The m. sphincter 
urethrae internus is elliptical in shape in the 
male and circular in the female. Its only func¬ 
tion is to close the vesica urinaria. Around its 
posterior circumference, the internal sphincter 
forms the morphological basis ofthe trigonum 
vesicae (see C). 


The dilator (see p. 298) is a fan-shaped muscle 
that arises from the symphysis pubica and the 
arcus tendineus fasciae pelvis (see p. 299). It 
extends posteriorly across the ostium urethrae 
internum and inferiorly at the anterior surface 
of the urethra, where it inserts on the bulbus 


penis or the bulbi vestibuli. The m. sphincter 
urethrae externus consists of an inner layer of 
smooth muscle fibers and an external layer of 
striated muscle fibers (for more details see D, 
p. 299). 
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C Cervix vesicae, trigonum vesicae, and 
ostium urethrae internum 

Coronal section atthe level ofthe ostium ure¬ 
thrae internum in the male, anterior view. 

The interior ofthe vesica urinaria is lined with 
a relatively thick tunica mucosa (urothelium 
and associated underlying connective tis- 
sue, see D). Except for at the trigonum ve¬ 
sicae, it is easily movable and is thrown into 
folds when the vesica is not distended. The tri¬ 
gonum vesicae is an area of smooth mucosa 
at the base of the vesica or at the cervix ve¬ 
sicae between the ostium urethrae internum 
and the two ureteres, which enter the vesica 
on its dorsolateral aspect. In the upper bor- 
der ofthe trigonum is the plica interureterica, 
a ridge, produced by the interureteric muscle 
that extends between the ostia ofthe two ure¬ 
teres. Inferiorly, the m. sphincter urethrae in¬ 
ternus, shaped like an elliptical cylinder in the 
male and a circular cylinder in the female, sur- 
rounds the ostium urethrae internum. 

Note the slit-like ostium ureteris and the 
oblique transit of the ureter through the ve¬ 
sica wall. This obliquity creates a normal con- 
striction in the pars intramuralis ofthe ureter 
(see p. 293). The oblique course, the ureteral 
muscle, and the bladder-wall muscle provide 
for functional closure of the ostium ureteris 
and guard against reflux. 



D Epithelium ofthe tunica mucosa 

a Vesica urinaria empty: tali epithelium, b Vesica urinaria full: flat- 
tened epithelium. 

Like almost all portions of the urinary tract (except the distal urethra), 
the vesica urinaria is lined by transitional epithelium (urothelium) whose 
height and stratification depend on the degree of distention of the uri¬ 
nary tract segment. The transitional epithelium basically consists of 
multiple cell layers. The conspicuous cells in the surface layer are called 
“transitional cells” because they change shape. 

Note: The total thickness of the vesica wall (tunica muscularis plus tu¬ 
nica mucosa) ranges from 2 to 5 mm in the full vesica and from 8 to 15 
mm in the empty vesica. 


Emptying and dosing the vesica urinaria: Micturition and continence 


Micturition is the process of emptying the vesica urinaria. The ability to hold 
urine with a full vesica is called continence. Coordinated interaction of mus- 
cular mechanisms for opening and closing the vesica is crucial for optimal 
vesica function. Involuntary (autonomic) and voluntary (n. pudendus) con¬ 
trai ofthe muscular apparatus ofthe vesica urinaria and the urethra play an 
important role in (cf. p. 308) 

• Emptying the vesica urinaria completely during micturition, 

• Protecting the ostium ureteris from reflux, and 

• Maintaining urinary continence with a full vesica urinaria. 

Emptying the vesica urinaria (micturition): activation of the sacral mic¬ 
turition center by a center in the brainstem (pontine micturition center); 
contraction of the m. detrusor vesicae thereby raising the pressure within 
the vesica urinaria (supported by an increase in intraabdominal pressure, ab- 
dominal press); relaxation of the m. sphincter urethrae internus and con¬ 
traction ofthe urethral dilator and m. pubovesicalis, dilating the urethra (os¬ 


tium urethrae internum); simultaneous closure ofthe two ostia ureterum by 
the ostia ureterum; relaxation ofthe m. sphincter urethrae externus includ- 
ing both the smooth and striated muscle portions and detumescence ofthe 
submucosal venous plexus; voiding ofthe vesica occurs. 

Closing the vesica urinaria (continence): structures responsible for main¬ 
taining continence primarily include the muscular mechanisms for closing 
the bladder and urethra (mm. sphincteres urethrae internus and externus), 
the ventral suspension apparatus (see p. 299) and parts ofthe diaphragma 
pelvis and corpus perineale. Optimal interaction of these distinet struc¬ 
tures ensures continence. 

Note: At rest, the urethra forms an angle between its posterior margin and 
the fundus vesicae of 110-120 degrees (posterior vesicourethral angle) in 
both the male and female. An increased angle due to diaphragma pelvis 
descent results in incontinence. 
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19.9 Functional Anatomy of Urinary Continence 
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A Muscles of the cervix vesicae and proximal urethra in the male 

According to Dorschner et al (2001) and Schwalenberg et al (2010), 
maintaining continence occurs by the interaction of distinet functional 
units including the anatomically correct positions ofthe sphincter mus¬ 
cles, tone of the urethral smooth and striated musculature, and a ven- 
tral suspensory mechanism at the level ofthe cervix vesicae. Dysfunc- 
tion of one of these components may cause urethral hypermobility and 
resuit in incontinence. Two muscular systems are differentiated: 

• A system of sphincter muscles: 

- m. sphincter urethrae internus, 

- m. sphincter urethrae externus with smooth and striated muscle 
portions, 

- stratum longitudinale tunicae muscularis urethrae with smooth 
ventral urethral musculature and dorsal longitudinal ejaculatory 
musculature; 

• A musculofibrous anchoring system in the diaphragma pelvis: 

- ventral vesicourethral suspension apparatus made up of m. pubo¬ 
vesicalis, lig. pubourethrale and ligg. puboprostatica and the ar¬ 
cus tendineus fasciae pelvis from which the cervix vesicae is sus- 
pended; 

- cervix vesicae (corpus perineale) which counters and anchors the 
m. sphincter urethrae externus. 

Note: Except for the dorsal longitudinal ejaculatory muscle, all struc- 
tures are found in both males and females. 
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internum 
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B M. dilator urethrae 

This is the ventral stratum longitudinale tunicae muscularis urethrae. It 
is a fan-shaped muscle that arises from the symphysis pubica and along 
the arcus tendineus fasciae pelvis (see E). It runs over the top of the ven¬ 
tral circumference of the m. sphincter urethrae internus and through 
the ostium urethrae internum. It extends inferiorly along the anterior 
surface ofthe urethra, where it inserts on the bulbus penis. The urethra 
is shortened and the ostium urethrae internum is widened by the con- 
traction of the longitudinal musculature. This allows initiation of mic- 
turition. 





M. sphincter 
urethrae 
externus 
(striated 
muscle part) 



d 


C Mm. sphincteres urethrae internus and externus 

a M. sphincter urethrae internus; b-d M. sphincter urethrae externus, 
anterior, posterior, and lateral views. 

According to Dorschner et al. (2001), the m. sphincter urethrae inter¬ 
nus is a distinet, independent functional sphincter. Its smooth muscu¬ 
lature is not related to the m. detrusor vesicae or urethral musculature. 
Thus, it does not arise from the trigonum vesicaee or m. detrusor vesi¬ 
cae musculature. Generally, the m. sphincter urethrae internus is more 
distinet in the male than the female, in particular the urethral portion, 
which extends to the proximal urethra. One reason may be that in the 
male the m. sphincter urethrae internus ensures not only continence 


but also the effective closure ofthe cervix vesicae to prevent retrograde 
ejaculation (dual function). According to Dorschner et al (see above), 
the m. sphincter urethrae externus consists of 

• an inner circular layer of smooth muscle, and 

• an outer striated layer, which has an omega or horseshoe shape and 
a depression in its posterior surface. 

Note: Numerous studies have shown that the striated m. sphincter ure¬ 
thrae externus (like the m. sphincter urethrae internus) is an indepen¬ 
dent muscle and is not split off from the m. levator ani or the mm. trans¬ 
versi perinei profundi. 
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D Integration ofthe m. sphincter urethrae externus into its 
surroundings 

Anteriorly and laterally, the outer portion of the m. sphincter urethrae 
externus borders the distinet venous plexus (see E) and is partially in- 
terspersed with veins. According to Wallner et al (2009) and Schwalen- 
berg et al (2010) the lateral fibers of the m. sphincter urethrae exter¬ 
nus extends into the fascia of the m. levator ani. Additionally, it has 
been discussed whether its muscle fibers are anchored to the corpus 


perineale. As a resuit, when the m. sphincter urethrae externus con- 
tracts, its fibers streteh to both sides ofthe m. levator ani, where it is dy- 
namically anchored. Whereas the circular muscle fibers of the smooth 
m. sphincter urethrae internus exert light but permanent pressure on 
the membranous urethra, the striated m. sphincter urethrae externus, 
which receives somatic innervation, together with the corpus perineale 
and the m. levator ani are able to increase the urethral closure pressure 
(= improved continence) during diaphragma pelvis contraction. 
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E Ventral vesicourethral suspensiori apparatus 

Aside from the anterolateral stabilization of the vesicourethral junc- 
tion, the most important function of the ventral suspension apparatus 
in the spatium retropubicum is suspension ofthe cervix vesicae, which 
ensures continence (Schwalenberg et al. 2010). Essential components 
ofthe ventral suspension apparatus include the mm. pubovesicales and 
the arcus tendineus fasciae pelvis, which is a thickened band ofthe fas¬ 
cia pelvis that extends from the symphysis pubica over the diaphragma 
pelvis to the spina ischiadica. There the visceral and the parietal layers 
(fascia superior diaphragmatis pelvis) merge. The arcus tendineus fas¬ 
ciae pelvis, partially due to its anterior extensions, serves as an addi- 


tional aponeurotic insertion of the mm. pubovesicales that extend as 
the continuation of the ventral stratum externum longitudinale of the 
m. detrusor vesicae on both sides of the symphysis pubica to the os pu¬ 
bis. The lig. pubourethrale and lig. puboprostaticum listed in the No¬ 
mina Anatomica are not ligaments in the proper sense. They are strong 
sheets of connective tissue ofthe fasciae pelvis visceralis and parietalis 
and extend from the symphysis pubica to the cervix vesicae or prostata. 
Note: Protection and restoration ofthe structures ofthe ventral suspen¬ 
sion apparatus as described above have led to a significant decrease in 
postoperative incontinence after surgery to remove the prostata. 
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19.10 Urethra 



B Wall segments, constrictioris, and 
expansions ofthe urethra masculina 

(see also D) 
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A Parts ofthe urethra masculina 

Male urogenital system in the pelvis, viewed from the right side. Unlike 
the urethra feminina, the urethra masculina functions as a common uri¬ 
nary and genital passage. It has an average length of 20 cm and consists 
of four parts with three constrictions and three expansions (see B). The 
pars intramuralis ofthe urethra in the vesica wall is not shown here. While 
the urethra feminina is essentially straight (see E), the urethra mascu¬ 
lina presents two curves: an infrapubic curve and a prepubic curve. These 
curves are important in transurethral bladder catheterization (see F). 
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C Location ofthe urethra masculina in the penis 

Transverse section through the penile shaft. The pars spongiosa of the 
urethra is contained in the corpus spongiosum ofthe penis. The corpus 
spongiosum does not become completely hard even at maximum erec- 
tion, ensuring that the urethra remains patent during ejaculation. The 
urethral lumen often presents a flattened rather than circular shape in 
cross-section, with the upper and lower walls touching. 
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D Urethra masculina in longitudinal section 

The whole length ofthe urethra has been cut open and displayed with- 
out curves, and all of the diaphragma pelvis muscles have been re- 
moved. The four parts of the urethra masculina can be identified. The 
urethra masculina extends distally in the corpus spongiosum to its os¬ 
tium urethrae externa on the glans penis. The pars prostatica ofthe ure¬ 
thra may be greatly narrowed in patients with benign prostatic enlarge- 
ment (prostatic hyperplasia, see p. 330). This condition is often marked 
by incomplete voiding and the dribbling of urine after micturition. The 
residual urine left in the vesica urinaria may incite an (often bacterial in 
nature) inflammation ofthe vesica (cystitis). 
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Vesica urinaria, Cervix vesicae with uvula vesicae Arcus tendineus 
tunica mucosa at ostium urethrae internum fasciae pelvis 
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E Urethra feminina in longitudinal section 

Coronal section tilted slightly posterior, anterior view. Unlike the ure¬ 
thra masculina, the urethra feminina is straight and only about 3-5 cm 


long. Thus it is much easier to catheterize than in the masculina. At the 
same time, the short length ofthe urethra feminina increases suscepti- 
bility to urinary tract infections. 
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F Transurethral bladder catheterization in the male 

The two curves ofthe urethra masculina (infrapubic and prepubic) and 
its three constrictions may pose an obstacle to transurethral cathe¬ 
terization. The prepubic curve can be straightened out somewhat by 
straightening the penile shaft. 


Clitoris 

Labium minus 
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Anus 


G Ostium externum ofthe urethra feminina 

Viewed from below. The os pubis is shown in shadowto aid orientation. 
The ostium urethrae externum is located between the labia minora, an¬ 
terior to the vagina. Despite its proximity to the female external genita¬ 
lia, the urethra feminina functions exclusively as a urinary passage. The 
close topographical relationship ofthe urethra and external genitalia is 
important during embryonic development, however: both the urethra 
and the vagina initially have a common opening at the sinus urogeni¬ 
talis and become separated only after further development. Failure of 
this separation results in an abnormal fistulous connection between the 
vagina and urethra, a urethrovaginal fistula. Even with normal embry¬ 
onic development, the proximity ofthe urethra (which is physiologically 
germ-free) to the vagina (which is not a sterile zone) predisposes to 
bacterial inflammation ofthe urethra (urethritis). Given the short length 
ofthe urethra feminina, the infection can easily ascend to the vesica uri¬ 
naria (cystitis). 
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19.11 Arteries and Veins of the Renes and Glandulae Suprarenales: 
OverView 
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A OverView of the arteries and veins of the renes and 
glandulae suprarenales 

Anterior view. The oesophagus has been pulled slightly inferiorly, and 
the right ren and gl. suprarenalis have been pulled away from the v. cava 
inferior to show the vascular anatomy of the gl. suprarenalis. The other 
abdominal organs have been removed. 

Arteria renalis: The aa. renales branch from the sides of the aorta ab¬ 
dominalis at the level ofthe L1/L2 vertebrae (see C). The right a. renalis 
runs posterior to the v. cava inferior (shown transparent in the drawing), 
and the left a. renalis runs posterior to the left v. renalis. Each a. renalis 
divides into a r. anterior and r. posterior. The aa. renales give off aa. su¬ 
prarenales inferiores to the gl. suprarenalis, rr. capsulares to tissue sur- 
rounding the ren and to the renal capsule (capsula fibrosa and perirenal 
capsula adiposa, removed here for clarity), and rr. ureterici to the upper 
portion ofthe ureter and the distal pelvis renalis. Possible variants are il- 
lustrated in E, p. 305. 

Arteriae suprarenales: Aa. suprarenales superiores, mediae, and inferi¬ 
ores (from the a. phrenica inferior, aorta abdominalis, and a. renalis, see 
a bove). 


Vena renalis: The v. renalis on each side is generally formed by the union 
of two or three venous branches (variants are shown in F, p. 305). While 
the left v. renalis receives the v. suprarenalis sinistra and v. testicularis or 
ovarica sinistra, the right v. renalis opens directly into the v. cava inferior 
without receiving these tributaries (see also D). The v. renalis also receives 
vv. capsulares from the capsula fibrosa in addition to small branches from 
the pelvis renalis and proximal ureter (not shown here). 

Venae suprarenales: 

Note: The three main arteries of the gll. suprarenales (see above) are 
generally accompanied by only one vein (rarely two), the v. suprarenalis. 
While the v. suprarenalis sinistra opens into the left v. renalis, frequently 
anastomosing with the left v. phrenica inferior (as shown here), the v. 
suprarenalis dextra empties directly into the v. cava inferior (see also D). 


* The blood vessels supplying the vesica urinaria are discussed to- 
gether with the neurovascular structures of the internal genital or¬ 
gans that are also located in the pelvis (see p. 338). 
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B Arteries and veins ofthe renes and glandulae suprarenales 

Anterior view. The right ren and gl. suprarenalis have been slightly re- 
tracted from the v. cava inferior to display their blood vessels more 
clearly. It is evident in this diagram and in A that the gll. suprarenales 
have a more complex vascular anatomy than the renes: More than 50 
small branches may pass from the arterial trunks ofthe gll. suprarenales 


(aa. suprarenales superiores, mediae, and inferiores) into the glands. 
Note that the three main arteries of the gll. suprarenales are generally 
accompanied by only one vein, the v. suprarenalis. This vessel opens di- 
rectly into the v. cava inferior on the right side and into the renal vein on 
the left side (see D). 



A. phrenica V. phrenica 
inferior dextra inferior sinistra 


V. cava 
inferior 

V. suprarenalis 
dextra 

V. renalis 
dextra 



Anastomosis 

between 

v. phrenica inferior 
sinistra and v. supra¬ 
renalis sinistra 


V. suprarenalis 
sinistra 

V. renalis sinistra 


V. testicularis/ V. testicularis/ 
ovarica dextra ovarica sinistra 


C Projectiori ofthe arteriae and venae renales onto the columna 
vertebralis 

The a. renalis arises from the aorta abdominalis at the L1/L2 level. 
Note: The vv. renales lie anterior to the arteries. 


D Tributaries ofthe left vena renalis 

The v. renalis has more tributaries on the left side than on the right. The 
v. renalis sinistra receives the v. suprarenalis sinistra (often anastomos- 
ing with the left v. phrenica inferior, see A) and the v. testicularis/ovarica 
sinistra, whereas the corresponding veins on the right side open directly 
into the v. cava inferior. Because of this arrangement, varicose dilations 
of the veins in the funiculus spermaticus (varicoceles) are more com- 
mon on the left side than on the right. 
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19.12 Arteries and Veins of the Renes and Glandulae Suprarenales: 
Varia nts 


A. interlobaris renis 
(between the 
pyramides renales) 


A. segmenti superioris 


Rr. capsulares 


A. suprarenalis 
inferior 


A. renalis sinistra 
(main trunk) 



R. anterior of 
a. renalis 

R. posterior of a. 

renalis 


Rr. ureterici 
(here from a. 
renalis sinistra) 


Pyramis renalis 

A. arcuata (at base of 
pyramides renales) 


Calix major 


A. segmenti 
anterioris superioris 

A. corticalis 
radiata renis 

Capsula fibrosa 

R. of a. segmenti 
posterioris 

Pelvis renalis 


A. segmenti 
anterioris inferioris 


A. segmenti 
inferioris 

Ureter sinister 
(origin from 
pelvis renalis) 


A Divisiori ofthe arteria renalis into segmental arteries 

Anterior view of the left ren. 

The main trunk ofthe a. renalis divides into a r. anterior and r. posterior. 
The r. anterior divides further into four segmental arteries: 

• A. segmenti superioris 

• A. segmenti anterioris superioris 

• A. segmenti anterioris inferioris 

• A. segmenti inferioris 

The r. posterior gives rise to only one segmental vessel, the a. segmenti 
posterioris. 


“Avascular” 

zone 


Posterior side 



B “Avascular” zone in the ren 

Inferior view of the right ren. 

Between the segmentum posterius and segmenta anteriora is a rela- 
tively avascular zone of the kidney, which otherwise is very heovily vos- 
cularized. This zone provides an important line of access for intrarenal 
surgery. 
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A. suprarenalis A. phrenica 
superior inferior 



Aorta 

abdominalis 

A. suprarenalis 
media 

A. suprarenalis 
inferior 

A. renalis 
dextra 


C Vascular segmentatiori ofthe ren 

Left ren viewed from the anterior (A), posterior (P), and lateral (L) sides. 
The a. renalis and its branches divide the kidney into five segments: 

1 Segmentum superius 

2 Segmentum anterius superius 

3 Segmentum anterius inferius 

4 Segmentum inferius 

5 Segmentum posterius 


D Relationship ofthe renal arterial branches to the segmenta 
renalis 

Anterior view of the right ren, demonstrating the origins of the a. re¬ 
nalis, a. suprarenalis media, and a. phrenica inferior from the aorta ab¬ 
dominalis. 

Note the division of the a. renalis into a r. anterior (segmenta anteriora, 
segmenta superiora and inferiora) and a r. posterior (for the segmen¬ 
tum posterius, see also A). The upper part of the ureter is supplied by 
rr. ureterici from the a. renalis. 


Aorta 

abdominalis 



Accessory a. 
renalis posterior 
to the v. cava 
inferior 


renalis anterior 
to the v. cava 
inferior 


Aberrant 
a. renalis 
dextra 


Aorta 

abdominalis 




E Variants of the aa. renales 

Anterior view of the right ren. 

a Two accessory aa. renales (one Crossing in front of the v. cava infe¬ 
rior): Accessory aa. renales are extra arteries that pass from the aorta 
abdominalis to the hilum renale. As a common variant with acces¬ 
sory aa. renales, the a. suprarenalis inferior does not arise from the a. 
renalis. 

b An aberrant a. renalis is one that does not enter the ren at the hilum 
renale. 


F Variants of the vv. renales 

Anterior view. 

a Accessory (supernumerary) vv. renales 

b A left v. cava (persistent lower part of the vv. supracardinales) as- 
cends to the level of the left v. renalis and opens into it. 


305 


































Abdomen and Pelvis 


19. Organs ofthe Urinary System and their Neurovasculature 


19.13 Lymphatic Drainage of the Renes, Glandulae Suprarenales, 
Ureter, and Vesica Urinaria 


Nll. retrocavales 


Nll. cavales 
laterales 


Nll. lumbales 
intermmedii 


NI. promontorius 



Nll. phrenicus 
inferior 

Nll. aortici 
laterales 


Nll. preaortici 


Nll. iliaci 
communes 


A Lymphatic drainage ofthe ren, glandula suprarenalis, and ureter 

(pars abdominalis; the pars pelvica is shown in C) 

Anterior view. The following lymphatic pathways are important in this 
region (see also p. 213): 

• Right ren and glandula suprarenalis: drain to the nll. lumbales dex¬ 
tri (nll. cavales laterales, precavales, and retrocavales, see B), then to 
the right truncus lumbalis. 


• Left ren and glandula suprarenalis: drain to the nll. lumbales sinistri 
(nll. aortici laterales, preaortici, and retroaortici, see B), then to the 
left truncus lumbalis. 

• Ureter (pars abdominalis): follows the pathway for the right and left 
renes and gll. suprarenales (see also C). 

The nll. lumbales additionally function as collecting lymph nodes for the 
nll. iliaci communes. 



intermedii 


B Classification ofthe nodi lymphoidei lumbales 

Transverse section, viewed from above. The nll. lumbales are distributed 
around the aorta abdominalis and v. cava inferior. They are divided into 
three groups based on their relationship to these vessels: 

• Nll. lumbales sinistri (around the aorta) 

• Nll. lumbales intermedii (between the aorta and v. cava inferior) 

• Nll. lumbales dextri (around the v. cava inferior) 

These groups are further divided into subgroups (see legend of A). 



C Nodi lymphoidei ofthe ureter 

Anterior view of the right ureter. 

The lymphatic drainage ofthe ureter is roughly divided into two levels: 

• Pars abdominalis ofthe ureter: nll. lumbales 

- Right: nll. cavales laterales (nll. lumbales dextri) 

- Left: nll. aortici laterales (nll. lumbales sinistri) 

• Pars pelvica ofthe ureter: nll. iliaci externi and interni. 


Both pathways empty into the trunci lumbales. 
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Cisterna chyli 
Truncus lumbalis dexter 
Nll. lumbales intermidii 


Nll. inguinales superficiales 
(tractus horizontalis) sacrales 

Lig. inguinale 

Right ureter 

Vasa lymphatica 
of vesica urinaria 

Vesica urinaria 
V. femoralis 



1 

•« 


A. mesenterica superior 
with nll. mesenterici 
superiores 

Truncus lumbalis sinister 

A. ovarica with vasa lymphatica 

Nll. preaortici 

Nll. iliaci communes 

V. iliaca communis sinistra 

V. iliaca interna sinistra 

Nll. iliaci externi 

. inguinales profundi 

Nll. inguinales superficiales 
(tractus horizontalis) 


Nll. inguinales superficiales 
(tractus verticalis) 


D OverView ofthe nodi lymphoidei pelvis and the lymphatic 
drainage ofthe vesica urinaria 

Anterior view of an opened female abdomen and pelvis. AII organs have 
been removed except for the vesica urinaria and a small rectal stump, 
and the peritoneum has been removed. The vesica is distended, mak- 
ing it visible above the symphysis pubica. This drawing clearly shows 
the numerous nll. parietales that are distributed around the iliac vessels 
in the pelvis (see E). Lymph from the vesica urinaria usually drains first 
to groups of nodi lymphoidei viscerales: the nll. vesicales laterales and 



E OverView ofthe nodi lymphoidei pelvis 

The nodi lymphoidei pelvis are distributed along major blood vessels 
and in front ofthe sacrum. The blood vessels are not visualized by lym- 
phography (contrast radiography ofthe nodi lymphoidei), however, and 
so the location of the nodi lymphoidei pelvis must be determined by 
other means. One method is to use four reference lines based on skel- 
etal landmarks: 

A lliolumbar line: horizontal line tangent to the superior borders of the 
cristae iliacae 

B lliosacral line: horizontal line through the center ofthe art. sacroiliaca 
C Inguinal line: line along the lig. inguinale 

D Obturator line: horizontal line through the center ofthe foramen 
obturatum 


the nll. pre- and retrovesicales (known collectively as the nodi paravesi¬ 
cales). These nodes are embedded in the pelvic connective tissue sur- 
rounding the vesica urinaria and lie so deep within the pelvis that they 
are not visible here. Lymph from these nll. viscerales drains directly or 
indirectly along two major pathways, reaching nodi lymphoidei lateral 
to the aorta abdominalis and v. cava inferior (nodi lumbales) and finally 
entering the trunci lumbales. These pathways are illustrated in F. 



F Lymphatic drainage of the vesica urinaria and urethra 
The vesica urinaria is drained by two principal pathways: 

• Cranially along the visceral iliac vessels (see D) 

• To the nll. iliaci interni and externi (mainly at the fundus vesicae) 

Portions of the vesica urinaria near the ostium urethrae internum are 
drained by the nll. inguinales superficiales and profundi. The urethra 
drains chiefly to the nll. inguinales profundi and superficiales (the latter 
mainly draining areas near the ostium urethrae externum). The proxi- 
mal portions of the urethra are drained by the nll. iliaci, particularly the 
nll. iliaci interni. 

Note: The penis, like the urethra, is drained by the nll. inguinales super¬ 
ficiales and profundi. 
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19. Organs ofthe Urinary System and their Neurovasculature 


19.14 Autonomic Innervation of the Urinary Organs 
and Glandulae Suprarenales 


N. splanchnius 
major dexter 

N. splanchnius 
minor dexter 

Gl. suprarenalis 
dextra 

Plexus suprarenalis 

Plexus renalis 

Plexus inter¬ 
mesentericus 

Truncus sympathicus, 
ganglia lumbalia 

Plexus 

uretericus 


Plexus iliacus 


Truncus sympathicus, 
ganglia sacralia 

N. hypogastricus 
dexter 

Rectum 

Nn. splanchnici 
pelvici 

Plexus vesicalis 


Plexus 

prostaticus 



Truncus vagalis 
posterior 

Truncus vagalis 
anterior 

Ganglion coeliacum 

Ganglia 

aorticorenalia 

Ganglia mesen¬ 
tericum superius 


Ganglia mesen¬ 
tericum inferius 

Plexus testicularis 

Plexus mesen¬ 
tericus inferior 


Plexus hypogastricus 
superior 

N. hypogastricus 
sinister 

N. sacralis I, 
r. anterior 


Plexus hypo¬ 
gastricus inferior 

Plexus rectalis medius 
(from plexus 
hypogastricus inferior) 


A OverView of the autonomic innervation of the urinary organs 
and glandulae suprarenales 

Anterior view into an opened male abdomen and pelvis, The gaster has 
been largely removed and pulled slightly inferior with the oesophagus 
for better exposure. The right ren has been displaced slightly laterally, 
and the vesica urinaria has been straightened and retracted to the left. 
The pelvis has been sectioned in a coronal plane passing approximately 
through the center ofthe acetabula. The autonomic innervation ofthe 
urinary organs and gll. suprarenales varies according to the location of 
the specific organ: 

• The renes in the retroperitoneum and portions ofthe upper urinary 
tract (proximal ureteres) receive sympathetic fibers initially from the 
n. splanchnici minores, imus, and lumbales (see B), which synapse 
with the postsynaptic neuron in the ganglia aorticorenalia or renalia. 
The parasympathetic fibers originate from the truncus vagalis poste¬ 
rior and partly from the nn. splanchnici pelvici (the plexuses are de- 
scribed in B). 


• The cortex and medulla glandulae suprarenalis in the retroperito¬ 
neum receive sympathetic fibers from the nn. splanchnici major and 
minor. They receive parasympathetic fibers from the truncus vagalis 
posterior, which pass with the plexus coeliacus to the gll. suprarenales 
as the plexus suprarenalis. The sympathetic autonomic innervation of 
the suprarenal medulla is exceptional in that the suprarenal medulla is 
supplied only by presynaptic sympathetic fibers from the plexus supra¬ 
renalis. These axons directly innervate the suprarenal medullary cells 
(see p. 290). At present, there is no convincing evidence that the supra¬ 
renal medulla receives parasympathetic innervation. 

• The vesica urinaria, most of the partes abdominalis and pelvica of 
the ureter (and the urethra, not shown here) in the pelvis (see D) re¬ 
ceive sympathetic fibers from the nn. splanchnici lumbales and sacrales, 
and they receive parasympathetic fibers from the nn. splanchnici pelvici 
(S2-S4). The plexuses are shown in D, and the autonomic innervation of 
the rectum is described on p. 278. 
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N. splanchnicus 
imus (T 12) 


N. splanchnicus 
lumbalis I 



B Autonomic innervation ofthe ren and 
upper ureter 

The sympathetic fibers from the ganglia aor¬ 
ticorenalia and renalia combine with the para- 
sympathetic fibers from the truncus vaga¬ 
lis posterior to form the plexus renalis, which 
passes to the ren. Branches from that plexus 
form the plexus uretericus, which supplies the 
pars abdominalis (upper) of the ureter. The 
presynaptic sympathetic fibers come primarily 
from the nn. splanchnici thoracici. 

Note: Due to their topographic proximity, the 
ganglia aorticorenalia often merge with the 
ganglia coeliaca. Illustrations providing an 
overview, such as on page 64, often show the 
renes as receiving their innervation from the 
ganglia coeliaca. Functionally, however, the 
ganglia aorticorenalia are separate and are 
thus separately mentioned in the schematic 
diagram. 




C Referred pain from ren sinister and 
vesica urinaria 

Pain associated with diseases of the ren and 
vesica urinaria (inflammation, calculi) may 
be perceived in these skin areas. Occasionally 
the pain radiates into the groin (“loin to groin 
pain”). 


D Autonomic innervation ofthe vesica urinaria and the partes 
abdominalis and pelvica ofthe ureter 

Sympathetic fibers from the nn. splanchnici lumbales and sacrales pass 
with the parasympathetic fibers from the nn. splanchnici pelvici to the 
plexus hypogastricus inferior. Branches from that plexus are distributed 
to form additional plexuses, including the plexus vesicalis and uretericus 
that supply the vesica urinaria and ureter (its partes abdominalis and 
pelvica). For the parasympathetic fibers, the synapse with the postsyn- 
aptic neuron is located entirely in the plexus hypogastricus inferior (or 


organ wall). The sympathetic fibers synapse partly in the ganglion mes¬ 
entericum inferius and partly in the plexus hypogastricus inferior (see 
the fibers that continue from the plexus hypogastricus superior to the 
plexus hypogastricus inferior). 

Note: With a complete transection of the medulla spinalis, the effect of 
higher CNS centers on the Central parasympathetic neurons of S2-S4 
(nn. splanchnici pelvici) is abolished. Because the nn. splanchnici pel¬ 
vici initiate and control micturition, a complete cord lesion also causes 
problems of vesica control. 
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20. Organs of the Cenital System and their Neurovasculature 


20.1 OverView of the Genital Tract 


Classification of the genital organs 

The genital organs of the male and female can be classified in various 

ways: 

• Topographically (A) as 

- internal genital organs (internal genitalia) or 

- external genital organs (external genitalia) 

• Functionally (B, C) as 

- organs for germ-cell and hormone production (gonadae) or 

- organs of transport, incubation and copulation, plus accessory sex 
glands 

• Ontogenically (see p. 46) as 

- the undifferentiated gonad primordium (develops into the gonadae) 

- two undifferentiated duct systems (develop into the male and female 
transport organs, the female uterus, a portion of the female copulatory 
organ, and one of the accessory sex glands in the male) 

- the sinus urogenitalis and its derivatives (giving rise to the external 
genitalia of both sexes, the accessory sex glands, and portions of the 
copulatory organs) 


A Male and female internal and external genitalia * 


Male 

Female 

Internal Testis 

Ovarium 

genitalia Epididymis 

Uterus 

Ductus deferens 

Tuba uterina 

Prostata 

Vagina (upper portion) 

Gl. vesiculosa 


Gl. bulbourethralis 


External Penis and urethra 

Vagina (vestibulum vaginae 

genitalia Scrotum and 

only) 

coverings of the 

Labia majora and minora 

testis 

Mons pubis 


Gll. vestibulares major and 


minor Clitoris 


* The female external genitalia (pudenda) are known clinically as the 
vulva. 


B Functions of the male genital organs 


C Functions of the female genital organs 


Organ 

Function 

Testis 

Germ-cell production 

Hormone production 

Epididymis 

Reservoir for sperm 
(sperm maturation) 

Ductus deferens 

Transport organ for sperm 

Urethra 

Transport organ for sperm and 
urinary organ 

Accessory sex glands (prostata, 
gll. vesiculosae, and gll. 
bulbourethrales) 

Production of secretions 
(semen) 

Penis 

Copulatory and urinary organ 


Organ 

Function 

Ovarium 

Germ-cell production 

Hormone production 

Tuba uterina 

Site of conception and 
transport organ for zygote 

Uterus 

Organ of incubation and 
parturition 

Vagina 

Organ of copulation and 
parturition 

Labia majora and minora 

Copulatory organ 

Gll. vestibulares major and 
minor 

Production of secretions 


310 
















Abdomen and Pelvis 


20. Organs of the Cenital System and their Neurovasculature 




Ostium ureteris 

Gl. vesiculosa 

Ductus 

ejaculatorius 

Prostata 

Gl. bulbo¬ 
urethralis 


Lig. suspensorium 
ovarii 



Lig. teres uteri 


Lig. umbilicale 
medianum 


Urethra 


Ureter dexter 


Uterus 

Cervix 

uteri 

Vagina 

Ostium 

reteris 


Gl. vestibularis 
major 


Labium majus Labium minus 


D OverView of the urogenital system 

Schematic representation of the urogenital apparatus in the male and 
female, viewed from the left side. Unpaired pelvic organs and the exter- 
nal genitalia are shown in midsagittal section. 

a In the male, the urinary and genital organs are closely interrelated 
functionally and topographically. The urethra passes through the 
prostata, which is derived embryologically from the urethral epithe¬ 
lium. AII of the accessory sex glands (prostata, gll. vesiculosae, and 
gll. bulbourethrales) ultimately discharge their secretions into the 
urethra. 


b In the female, the urinary and genital tracts are functionally separate 
from each other. Topographically, however, the anterior wall of the 
uterus is closely related to the vesicula urinaria. In the external geni¬ 
tal region as well, the urethra is embedded in the paries anterior of 
the vagina. 

For these reasons, the collective term urogenital system is generally 
used. 
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20.2 Female Internal Genitalia: 
OverView 


Vertebra LIV 


A. iliaca interna 

Ovarium 
Tuba uterina 



Bifurcatio aortae 
A. iliaca communis 
A. iliaca externa 

Uterus 

Vagina 


A Projection of the female internal genitalia onto the pelvis 

Anterior view. The bifurcatio aortae into the aa. iliacae communes is 
also shown to aid orientation. The uterus, like the vagina, is located in 
the pelvic midline while the ovaria are superior, lateral, and posterior to 
the uterus in the RLQ and LLQ. Each ovarium occupies a fossa located 


just inferior to the division of the a. iliaca communis. The tubae uteri¬ 
nae do not pass to the ovaria by the shortest route but circle around 
them from the lateral side, because both of the ductus paramesoneph- 
rici (which develop into the tubae uterinae) run lateral to the crista go- 
nadalis in which the ovaria develop. 


Peritoneum 

parietale 

Peritoneum 
urogenitale 
on the uterus 

Peritoneum 
urogenitale on 
vesica urinaria 


Cavitas peritonealis Fundus Corpus 

pelvis uteri uteri 


Rectum 

Peritoneum on anterior 
wall of rectum 

Cervix uteri 

Excavatio 

rectouterina 


Vagina 



Symphysis Vesica Excavatio 

pubica urinaria vesicouterina 


B Uterus and vagina: Relationship to the pelvic organs 

Midsagittal section through a female pelvis, viewed from the left side. 
The peritoneum has been outlined in color. The uterus directly overlies 
the vesica uterina, and the rectum is posterior to the uterus. The fundus 
and corpus (body) of the uterus are covered by peritoneum viscerale, 
which is reflected onto the vesica urinaria and rectum to form the exca¬ 
vatio vesicouterina and excavatio rectouterina. The peritoneum extends 


farther down the posterior wall of the uterus than its anterior wall, with 
the resuit that the posterior part of the cervix uteri and upper vagina is 
covered by peritoneum while the anterior part is not. The vagina is sur- 
rounded on ali sides by pelvic connective tissue. This tissue is thickened 
anteriorly and posteriorly to form the septa vesicovaginale and recto¬ 
vaginale. 
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Ureter 


Fundus 

uteri 


Rectum 


Colon 

sigmoideum 


Peritoneum 

parietale 


A. bulbi 
vestibuli 


M. iliacus 


Ovarium 

sinistrum 


Tuba uterina 
sinistra 


Lig. teres uteri 


Spatium extra¬ 
peritoneale pelvis 


Rr. vaginales and 
plexus venosus 
vaginalis 


Vagina, posterior 
wall with rugae 
vaginales 


Os pubis, r. inferior 


Crus clitoridis with 
m. ischiocavernosus 


Lig. suspensorium 
ovarii 


Os ilium 


A. iliaca 
externa dextra 


V. iliaca 
externa dextra 


Lig. transversum 
cervicis with segments 
of a. uterina and 
plexus venosus uteri 


Cervix uteri, 
portio vaginalis 
with ostium uteri 


M. obturatorius internus 
with fascia obturatoria 


M. levator ani 


M. transversus 
perinei profundus 


Fascia perinei 
superficialis 


A. perinealis 


Labium majus 


Vestibulum vaginae Bulbus vestibuli with 

with ostium vaginae m. bulbospongiosus 


C The female genital organs in situ 

Slightly angled coronal section, anterior view. The vesica urinaria, which 
lies anterior to the vagina and inferior to the fundus uteri (see B), is not 
shown. This illustration represents a compilation of multiple sections 
to provide a single integrated view. The fundus uteri, which is directed 
anteriorly owing to its anteverted and anteflexed position (see p. 318), 


projects out of the deeper plane of section toward the observer. Around 
the vagina is a connective-tissue space containing an elaborate venous 
plexus. This loose connective tissue allows for considerable expansion 
of the vagina during childbirth. The sections of arterial vessels are arte- 
rial rr. vaginales as well as sections of the aa. vesicales inferiores. 
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20.3 Female Internal Genitalia: Topographical Anatomy and 
Peritoneal Relationships; Shape and Structure 



Tuba uterina, 
ampulla 


Fimbriae at ostium 
abdominale of 
tuba uterina 

Tuba uterina 
infundibulum 


Extremitas tubaria 


Tuba uterina 
ostium abdominale 


Vasa ovarica in 
lig. suspensorium ovarii 

Extremitas uterina 

Corpus uteri 
posterior surface 


Cervix uteri 


Epoophoron 
(embryonic remnant) 


Ovarium dextrum 
Lig. latum uteri 
Ureter dexter 


Vagina, 
posterior wall 


Appendices vesiculosae 
(embryonic remnant) 


Lig. rectouterinum in 
plica rectouterina 


Rr. tubarii of 
vasa uterina 
in mesosalpinx 


Plane of Lig. ovarii 

section in B proprium 


Fundus Tuba uterina, Tuba uterina 
uteri isthmus dextra 


A Uterus and adnexa: Topography and peritoneal relationships 

Posterosuperior view of the uterus, adnexa, and the posterior surface of 
the lig. latum uteri. The uterine adnexa (ovarium and tuba uterina) are 
attached to the superior border and posterior surface of the lig. latum 
uteri by folds of peritoneum (mesovarium and mesosalpinx, see B). The 
mesometrium, which follows the anteflexed position of the uterus, at- 
taches the uterus to the pelvic sidewall and transmits the uterine vas- 



Mesovarium 


Ovarium 

Cerminal epithelium 
covering of ovarium 


B Folds of peritoneum on the female genital organs 

(after Graumann, von Keyserlingk, and Sasse) 

Sagittal section through the lig. latum uteri. The ovarium, tuba uterina, 
and much of the uterus (see A) are covered by peritoneum. The tuba 
uterina is attached to the superior margin of the lig. latum uteri by 
the mesosalpinx. The ovarium is attached to the posterosuperior sur¬ 
face of the lig. latum uteri by its own peritoneal structure, the mesovar¬ 
ium. These peritoneum-covered bands of connective tissue perform 
the same functions for the genital organs as the mesenteria do for the 
bowel and are named accordingly (see C): the mesovarium for the ovar¬ 
ium, the mesosalpinx for the tuba uterina (salpinx), and the mesome¬ 
trium for the uterus. Collectively they form the lig. latum uteri. 


cular structures. The ovarium receives its vascular supply through the 
lig. suspensorium ovarii (these and other ligaments are reviewed in C). 
Note: The ureteres descend in the retroperitoneum to the base of the 
lig. latum uteri and run forward between its layers to the vesica urinaria, 
passing inferior to the a. uterina (not visible here, see p. 343). This rela- 
tionship must be duly noted in operations on the uterus and lig. latum 
uteri (risk of ureteral injury). 

C Ligaments and peritoneal structures of the female genital organs 


Ligamentum latum 
uteri 


Ligamentum trans¬ 
versum cervicis 
(ligamentum 
cardinale) 


Broad fold of peritoneum extending from the 
lateral pelvic wall to the uterus (transmits vas¬ 
cular structures to the internal genital organs). 
The ligament has three main parts that extend 
to specific organs: 

• Mesometrium = to the uterus 

• Mesosalpinx = to the tuba uterina 

• Mesovarium = to the ovarium 

The connective-tissue space between the two 
peritoneal layers of the lig. latum uteri is known 
clinically as the parametrium 

Transverse bands of connective tissue between 
the cervix uterina and pelvic wall (paracervix) 


Ligamentum teres 
uteri 


Plica rectouterina 


Ligamentum ovarii 
proprium 


Distal remnant of the gubernaculum (embryonic 
cord in both sexes, guides the descent of the tes¬ 
tis or ovarium). Extends from the lateral angle 
of the uterus through the canalis inguinalis into 
the subcutaneous connective tissue of the la¬ 
bium majus 

Peritoneum-covered fold of connective tissue be¬ 
tween the uterus and rectum; often contains 
smooth muscle (m. rectouterinus) 

Proximal remnant of gubernaculum passing from 
the extremitas uterina of the ovarium to the an¬ 
gle of the uterus with the tuba uterina 


Ligamentum Fold of peritoneum stretching from the pelvic 

suspensorium ovarii wall to the ovarium; transmits the ovarian vessels 
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Lig. ovarii Corpus uteri, 

proprium fundus 


Tuba uterina, 
ostium uterinum 



Isthmus tubae 
uterinae 


Cavitas uteri, 
facies anterior 


Tunica mucosa 
(endometrium) 


Extremitas 

uterina 


Tuba uterina, 
pars uterina 


Appendix vesiculosa 
(embryonic remnant) 

Extremitas 

tubaria 


Margo 


mesovaricus 


Corpus uteri, 
tunica muscularis 


Margo liber 


Isthmus uteri 
Canalis cervicis 


Ostium anatomcum 
uteri internum 


Ovarium 

sinistrum 


Ampulla tubae 
uterinae 

Epoophoron 

Infundibulum tubae 
uterinae with 
ostium abdominale 
tubae uterinae 


Fimbriae at 
ostium abdominale 
of tuba uterina 


Cervix uteri, 
portio vaginalis 

Ostium uteri 
externum 


Cervix uteri, portio 
supravaginalis 

Fornix vaginae, 
pars lateralis 


Vagina, anterior wall 


D Uterus and tubae uterinae: Shape and structure 

Posterior view of a coronal section with the uterus straightened and 
the mesometrium removed. The uterus consists basically of the corpus 
(with the fundus) and cervix, the corpus being joined to the cervix by 
a narrow isthmus approximately 1 cm long. Macroscopically, the isth¬ 
mus uteri is classified as part of the cervix but histologically it is lined by 
endometrium. The junction of the corpus and cervix uteri is located at 
the ostium anatomicum uteri internum of the uterus. The lumen of the 
uterus, called the cavitas uteri, communicates with the vaginal lumen 
through the isthmus uteri and canalis cervicis uteri. It has a total length 
(“probe length”) of 7-8 cm. The cavitas uteri presents a triangular shape 


in coronal section. The cervix uteri is subdivided into a portio supravagi¬ 
nalis cervicis and portio vaginalis cervicis. The ostium uteri is the open- 
ing in the portio vaginalis cervicis that is directed toward the vagina. 
The portio vaginalis cervicis projects into the vagina, forming recesses 
called the fornices vaginae. 

The tuba uterina (total length approximately 10-18 cm) is subdivided 
from lateral to medial into the infundibulum, ampulla, and isthmus 
tubae uterinae, and pars uterina tubae uterinae. The ostium abdomi¬ 
nale tubae uterinae at the infundibulum is surrounded by fimbriae (the 
“fimbriated end”) and opens into the cavitas peritonealis. The ostium 
uterinum tubae uterinae opens into the cavitas uteri. 


Tela 

subserosa 


Tunica 

serosa 


Arterial 

branches 



Tunica 

muscularis 


Tunica 

mucosa 


Venous 

tributaries 


E Tuba uterina in cross-section: Wall structure 

Cross-sectional view of the ampulla of a right tuba uterina. The meso¬ 
salpinx extends inferiorly. The three wall layers are clearly distinguish- 
able (wall thickness = 0.4-1.5 cm): 

• The tunica mucosa is raised into a great many folds that occupy 
most of the tubal lumen. These folds are of key importance in trans- 
porting the zygote to the uterus. Postinflammatory adhesions be- 
tween the mucosal folds may hamper or even prevent transport of 
the fertilized ovum (see p. 326). 

• The tunica muscularis consists of several thin layers of smooth mus- 
cle that provide the tuba uterina with its motility (see B, p. 324) and 
propel the zygote toward the uterus by a ciliated epithelium. 

• The tunica serosa (peritoneal covering) of the tuba uterina is continu- 
ous with the mesosalpinx. 
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20.4 Female Internal Genitalia: 

Wall Structure and Function of the Uterus 



Cavitas 

uteri 


Endometrium 


Canalis cervicis 


Fornix vaginae, 
pars anterior 


Vagina 


A Longitudinal section through the uterus 

Viewed from the left side. 


Myometrium 


Perimetrium 


Fornix vaginae, 
pars posterior 


Cervix 


Excavatio 

rectouterina 


Ostium uteri 
externum 


B Wall structure of the uterus 


The uterine wall also consists of three layers 
from inside to outside: 

• Tunica mucosa or endometrium (see 
D): Single layer of columnar epithelium 
(epithelial layer) on a connective-tissue 
base (lamina propria) 

• Tunica muscularis or myometrium 

(see C): 

Several smooth-muscle layers with a total 
thickness of approximately 1.5 cm 

• Tunica serosa or perimetrium: 

Tunica serosa covering the anterior and 
posterior sides of the corpus uteri and the 
posterior wall of the cervix uteri. The tela 
subserosa adjacent to the myometrium 
becomes adventitia in areas where the 
uterus lacks a peritoneal covering (e.g., at 
the attachment of the lig. latum uteri). 


Tunica 

muscularis, 

stratum 

supravasculare 


Cervix uteri 

a 



Tunica muscularis, 
stratum vasculare 


Tunica muscularis, 
stratum subvasculare 



b 



Fundus uteri, 
mostly longitudinal 
muscle fibers 


Corpus uteri, 
longitudinal and 
oblique fibers 


C Layers (a) and functional principle (b) of the myometrium 

(after Rauber and Kopsch) 

The myometrium (tunica muscularis) of the uterus consists of three lay¬ 
ers from outside to inside: 

• Stratum supravasculare: thin outermost layer with criss-crossing la¬ 
mellae; stabilizes the uterine wall 

• Stratum vasculare: thick intermediate layer with a reticular pattern 
of muscle fibers; very vascular; the principal source for uterine con- 
tractions during labor 

• Stratum subvasculare: thin innermost layer just below the endome¬ 
trium; provides for functional closure of the ostium uterinum tubae 
uterinae. Its contraction promotes separation of the uterine tunica 
mucosa (shedding of the functional layer) during menses and separa¬ 
tion of the placenta after childbirth. 


The myometrium performs two seemingly contradictory functions: It 
must keep the uterus closed during pregnancy, but it must open the cer¬ 
vix during childbirth. To fulfill these functions, the individual muscle lay¬ 
ers (see above) are equipped with longitudinal, oblique, and transverse 
or circular fibers. The circular muscle fibers are most abundant in the 
cervical region and serve to maintain closure of the cervix during preg¬ 
nancy. The longitudinal and oblique muscle fibers are most abundant 
in the corpus and fundus uteri; they shorten the uterus and lower the 
fundus during childbirth. The myometrium blends with the circular fi¬ 
bers of the uterine tube muscles at the fundus uteri near the ostium 
uterinum tubae uterinae. Myometrial contractions are stimulated most 
effectively by the pituitary hormone oxytocin. These contractions oc- 
cur not only during labor and delivery but also during menstruation, 
when they aid in expulsion of the uterine mucosa. Benign tumors of the 
myometrium (fibroids, myomas) may cause abnormalities of menstrual 
bleeding. 
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Spiral arteries 


CII. uterinae 



Stratum 

compactum 


y Stratum 
spongiosum 


Tunica mucosa 
(endometrium), 
stratum 
functionale 


Basal blood vessels 


Tunica mucosa 
(endometrium), 
stratum basale 

Tunica muscularis 
(myometrium) 


D Structure of the uterine mucosa 
(endometrium) 

Structurally, the endometrium consists of a 
simple columnar epithelial cell layer and a lam¬ 
ina propria. The epithelial layer lines the uter¬ 
ine surface and encloses the tubular, coiled 
endometrial gll. uterinae. The lamina propria, 
which surrounds and supports the gll. uteri¬ 
nae, is made up of connective tissue (stroma) 
and the vessels embedded in it. The endome¬ 
trium is functionally subdivided into a basal 
layer (stratum basale) and a functional layer 
(stratum functionale). The stratum basale is 
approximately 1 mm thick, is largely exempt 
from the cyclical changes in the endometrium, 
and is not shed during menstruation. The stra¬ 
tum functionale varies in thickness at differ¬ 
ent phases of the ovarian cycle in women of 
reproductive age. It is shed at intervals of ap¬ 
proximately 28 days during menstruation. It 
is thickest during the secretory phase of the 
ovarian cycle, at which time it consists of a 
superficial stratum compactum and a deeper 
stratum spongiosum. It receives its blood sup- 
ply from tortuous vessels called spiral arter¬ 
ies. While in this secretory state, the endome¬ 
trium is most receptive to the implantation of 
a zygote. The tunica mucosa of the cervix uteri 
does not participate in these cyclical changes. 


Follicular phase Ovulation Luteal phase 




Blood levels of LH 

adenohypophyseal 

hormones 








Basal body temp 

>erature 

i 

J 0.5°C 




Tv 


E Cyclical changes in the endometrium 

The ovarium secretes estrogens (e.g., estra- 
diol) and progestins (e.g., progesterone) on a 
cyclical basis. Estrogens stimulate proliferation 
of the endometrium, while progestins induce 
its secretory transformation. The release of 
both hormones is controlled chiefly by the hor- 
mones FSH (follicle stimulating hormone) and 
LH (luteinizing hormone), which are secreted 
cyclically by the hypophysis. While estrogens 
are produced by the folliculus ovaricus, pro¬ 
gestins are produced in significant amounts 
only by the corpus luteum. If conception does 
not take place, the corpus luteum regresses 
and stops producing hormones. As a resuit 
of this, the stratum functionale of the endo¬ 
metrium breaks down and is expelled during 
menstruation. Estrogen production by a new, 
hypophysis-stimulated folliculus ovaricus initi- 
ates a new cycle, which lasts an average of 28 
days (1 lunar month). Ovulation usually occurs 
on day 14 of the cycle. 

Note: For practical reasons, the first day of the 
menstrual period (which lasts about 4 days) is 
considered day 1 of the cycle, despite the fact 
that the cycle ends with menstruation. This is 
because the sudden onset of menstrual bleed- 
ing is easier to detect than its more gradual 
cessation. From the standpoint of the endome¬ 
trium, however, the last day of the menstrual 
period (difficult to detect) marks the end of the 
cycle. 


I I Menstrual phase CD Proliferative phase CD Secretory phase 
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20.5 Female Internal Genitalia: 

Positions of the Uterus and Vagina 


A Curvature and position of the uterus 

Midsagittal section of the uterus and upper va¬ 
gina, viewed from the left side. 

Note the two angles that determine the nor- 
mal anteversion and anteflexion of the uterus 
(see D). Posterior angulation and curvature 
of the uterus (retroflexion, retroversion) are 
considered abnormal. A retroverted uterus 
is more susceptible to descent because it is 
more closely aligned with the longitudinal axis 
of the vagina. Moreover, a retroverted uterus 
that enlarges during pregnancy may become 
immobile below the promontorium ossis sacri 
(L5/S1 junction) and jeopardize the further 
course of the pregnancy by constraining uter¬ 
ine expansion. 


Tunica mucosa Cavitas uteri with Isthmus 

(endometrium) longitudinal uterine axis uteri 




B Position and level of the uterus in the pelvis 

Coronal section of the pelvis, anterior view. The uterus has been slightly 
straightened for clarity. Normally the uterus is located approximately in 
the median plane (a) with its portio vaginalis level with a line connect- 
ing the two spinae ischiadicae. The uterus may be displaced from this 
position to the left or right (sinistroposition or dextroposition, b and c) 
or may lie above or below the plane of the spinae ischiadicae (eleva- 
tion or descent, see d and e). Anterior and posterior displacement (ante- 
position, retroposition) may also occur but are not illustrated here. De¬ 
scent of the uterus usually results from a structural weakness of the dia¬ 
phragma pelvis (chiefly the m. levator ani, often after numerous vaginal 
deliveries). Displacement of the uterus may cause complaints and func- 
tional disturbances due to pressure on adjacent organs (vesica urinaria, 
rectum). Descent of the uterus may even cause the portio vaginalis of 
the uterus to protrude from the vagina (cervical prolapse). 



C Physiological changes in uterine position 

Midsagittal section of the pelvis, viewed from the left side. Uterine po¬ 
sition is directly affected by the varying degrees of vesica urinaria and 
rectal distention. 1 Vesica and rectum empty; 2 vesica and rectum full; 
3 vesica full, rectum empty. 

D Describing the position of the uterus in the pelvis 

The position of the uterus in the pelvis can be described in terms of ver- 
sion, flexion, and position (angles are shown in A). 

Version Inclination of the cervix in the cavitas pelvis; defined by 
the angle between the cervical axis and the longitudinal 
axis of the body; the normal condition is anteversion 

Flexion Inclination of the corpus uteri relative to the cervix; de¬ 
fined by the angle between the longitudinal axes of the 
cervix and corpus uteri; the normal condition is anteflex¬ 
ion 

Position Position of the portio vaginalis of the uterus in the cavitas 
pelvis; physiologically, the portio vaginalis of the uterus 
is at the level of the interspinous line at the center of the 
pelvis 
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Labium posterior 
ostii uteri 

Labium anterior 
ostii uteri 


Columna 
rugarum anterior 


Vagina, 
anterior wall 


Ostium urethrae 
externum 



Clitoris 


Cervix uteri, portio 
supravaginalis 

Ostium uteri 


Rugae vaginales 


Carina urethralis 
vaginae 


Vestibulum vaginae 
with labium minus 


Lig. transversum 
perinei 


Symphysis V. dorsalis 

pubica profunda clitoridis 



A. and v. dorsalis 
clitoridis 


R. inferior 
ossis pubis 


Urethra 

feminina 


M. transversus perinei Vagina M. ischio- 

profundus with cavernosus 

membrana perinei 


E Vagina 

Posterior view. The vagina has been cut open along a coronal plane an- 
gled slightly posteriorly to display its paries anterior. The vaginal lumen 
presents an H-shaped cross section (see F), but the lumen in this dis- 
section has been stretched open to a more circular shape (in situ the 
parietes posterior and anterior are closely apposed). The vaginal tunica 
mucosa has numerous transverse folds (rugae vaginales) as well as co¬ 
lumnae rugarum anterior and posterior formed by the extensive venous 
plexus in the vaginal wall. The closely adjacent urethra raises the lower 
paries anterior of the vagina into a prominent longitudinal ridge (carina 
urethralis vaginae). 


F Location of the vagina in the pelvic floor 

This drawing illustrates the close proximity of the vagina and urethra. 
Muscular fibers from the m. transversus perinei profundus encircle the 
vagina. 


Excavatio Tunica serosa 

vesicouterina (perimetrium) 


Corpus uteri, 
facies anterior 

Cervix uteri, 
portio vaginalis 

Vesica urinaria 

Vagina, 
anterior wall 

Urethra feminina 

Septum 
vesicovaginale 
(clinical term) 

Ostium vaginae 

Vestibulum vaginae 
with labium minus 



Cervix uteri, 
portio supravaginalis 

Fornix vaginae, 
pars posterior 

Excavatio 

rectouterina 

Fornix vaginae, 
pars anterior 

Rectum 

Spatium 

rectovaginale 


Vagina, 
posterior wall 

M. transversus 
perinei profundus 


'Veii 


G Location of the vagina in the pelvis 

Midsagittal section through a female pelvis, 
viewed from the left side. The longitudinal axis 
of the vagina is directed posterosuperiorly. 
The vagina is attached to the pelvic connec¬ 
tive tissue anteriorly (septum vesicovaginale), 
posteriorly (septum rectovaginale), and later- 
ally (not shown here). The fornix vaginae sur- 
rounds the portio vaginalis of the cervix, which 
itself is directed superiorly and anteriorly. As a 
resuit, the pars anterior fornicis vaginae is con- 
siderably lower than the pars posterior. The 
peritoneum viscerale extends far down the 
posterior uterine wall, bringing the pars pos¬ 
terior of the fornix vaginae into close proximity 
to the excavatio rectouterina (cul-de-sac, the 
lowest part of the female cavitas peritonealis). 
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20.6 Female Internal Genitalia: 

Epithelial Regions of the Uterus 
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A Epithelial regions of the uterus 

a Coronal section through uterus, anterior view; b-d Higher mag- 
nification of a: b Mucus-secreting columnar epithelium of the canalis 
cervicis uteri; c Squamous epithelium of the portio vaginalis cervicis; 
d Periodic acid-Schiff (PAS) method used to display glycogen (after Lu- 
ellmann). 

The cervix is the lower part uteri. It commences distal to the isthmus of 
the uterus as the portio supravaginalis cervicis, which is the upper part 
of the cervix surrounded by connective tissue of the parametrium, and 
ends at its lower portion that extends into the vagina (portio vagina¬ 
lis cervicis). At the level of the portio supravaginalis cervicis the uterus 
is held in place by ligaments (mainly the lig. cardinalis, cf. p. 388). The 
tubular lumen of the cervix is called the canalis cervicis uteri. It is lined 
with tunica mucosa and begins at the ostium uteri internum and ends 
with the ostium uteri at the portio vaginalis of the cervix. The mucosal 
epithelium of the canalis cervicis uteri is composed of a single layer of 
mucus-secreting columnar epithelium. A parallel arrangement of folds 
(plicae palmatae), which form crypts, gives the epithelium a rough ap- 
pearance on the surface. The function of the reserve cells located at the 
base of the epithelium is to replenish the cervical epithelium. Unlike the 
one-layered cervical epithelium, the vagina is lined with stratified, non- 


keratinized squamous epithelium, which depending on the hormonal 
situation in women may continue to the surface of the portio vaginalis 
of the cervix. The boundaries of the two epithelial layers can be either 
endo- or ectocervical (see C). 

The stratified, nonkeratinized squamous epithelium lining the vagina 
(and portio vaginalis cervicis) is composed of up to 20 layers of cells and 
is made up of four tiers: strata basale, parabasale, intermedium, and 
superficiale. Typically, cells of the two superficial-most layers contain 
abundant glycogen as a resuit of differentiation. The epithelium exhibits 
cyclical changes: whereas at the preovulatory stage, all layers are well 
developed, at the postovulatory stage cells of the strata superficiale and 
intermedium desquamate and disintegrate. Glycogen that is released as 
a resuit nourishes lactic acid bacteria (lactobacillus acidophilus, Doder- 
lein’s bacillus), which inhabit the vagina. The transformation of glyco¬ 
gen into lactic acid leads to the acidic vaginal milieu (pH 4-5), which 
mainly in the second half of the menstrual cycle protects against patho- 
gens (see B). The slightly alkaline cervical mucus has a similar effect as a 
physiologic barrier against infection. For much of the menstrual cycle, it 
has a stretchy texture and seals the canalis cervicis uteri with a protec- 
tive plug (barrier against ascending germs). The mucus is thin only at 
the time of ovulation and thus becomes penetrable by sperm. 


B Defense mechanisms of the vagina and 
potential dysfunctions 

The cavitas peritonealis has an anatomical 
communication with the exterior of the body 
(via vagina-canalis cervicis uteri-cavitas uteri- 
tuba uterina). This exposes the female to as¬ 
cending infections, and this is why physiologic 
barriers against infection exist in the form of 
vaginal defense mechanisms. Dysfunction of 
these mechanisms may lead to gynecological 
inflammation and an increased risk of miscar- 
riage. 


Protection mechanism 


• Physiological acidic vaginal milieu with 
a pH 4-5 

• Effect of estrogens: stimulates vaginal 
epithelium proliferation and differenti¬ 
ation (glycogen storage) 

• Effect of progestins: leads to desqua- 
mation of superficial and intermediate 
vaginal cells 

• Conversion of glycogen into lactic 
acid through lactobacillus acidophilus 
(Doderlein’s bacillus) 


Dysfunction due to 

• Elevated pH level: alkalizing effect of menstrual 
blood/cervical mucus 

• Lack of glycogen: lack of endogenous estrogen/ 
progestins (childhood/old age/diseases) 

• Drugs: antibiotics disrupt vagina’s normal flora 

• Exogenous effects: sex life, tampons, improper 
anal hygiene, using alkaline soaps 

• Infections: colpitis especially caused by chlamydia, 
trichomonads and fungi (candida albicans) 
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C Cervix uteri: Epithelial regions in 

pre-reproductive and post-reproductive 
stages 

a, c, e, and g: Highly schematic coronal sec- 
tions of the uterus and vagina, anterior view; 
colposcopic images of the portio vaginalis of 
the cervix before the onset of puberty (b nul- 
lipara) and during the reproductive phase 
(d and f multipara); b, d, and f from Nauth, 
H.F.: Gynakologische Zytodiagnostik. Thieme, 
Stuttgart 2002). 

The arrowheads mark the location of the os¬ 
tium uteri internus; the dashed lines mark the 
boundaries of the canalis cervicis uteri (a). The 
boundary between the unilayered mucus-se- 
creting columnar epithelium (cervical epithe¬ 


lium) of the canalis cervicis uteri and the strat- 
ified nonkeratinized squamous epithelium of 
the portio vaginalis cervicis and the vagina 
varies according to the woman’s hormonal 
status (see below). The visible portion of the 
uterus is called the ectocervix and the non-vis- 
ible portion is called the endocervix. 

Before the onset of puberty (a and b): Before 
the onset of the reproductive phase, the por¬ 
tio vaginalis cervicis is covered with squamous 
epithelium, the ecto-endocervical boundary is 
located within the canalis cervicis uteri (above 
the ostium uteri), thus it is not visible from the 
vagina. 

During the reproductive phase (c—f): In re¬ 
sponse to hormonal stimuli (estrogen) the cer¬ 
vical tunica mucosa is everted and moves in¬ 
side the vagina. It appears as a glandular field 
with a very rough surface on the ectocer¬ 
vix (d). The sharp boundary with the smooth 
pink-colored squamous epithelium of the por¬ 
tio vaginalis cervicis is thus located outside of 
the ostium uteri and is clearly visible from the 
vagina. The eversion of the cervical glandular 
field is believed to be related to higher fertil- 
ity (easier for spermatozoa to enter the cer¬ 
vix). The columnar endocervical epithelium, 
which has everted onto the ectocervix adjusts 
to the altered vaginal milieu (acidic milieu in 
contrast to alkaline milieu of the canalis cer¬ 
vicis uteri) by converting to stratified nonke¬ 
ratinized squamous epithelium (metaplasia). 
In this way, it is similar in structure and cyclic 
behavior to the regular squamous epithelium 
of the portio vaginalis cervicis. As the mucus- 
secreting cervical epithelium transforms into 
squamous epithelium the columnar glands be- 
come sealed over (closed transformation zone 
in contrast to open transformation zone where 
the glands are not overgrown and occluded, 
arrows in f point to the “open” orifices) lead- 
ing to the formation of macroscopically visible 
mucus-filled retention cysts (Nabothian cysts), 
which are not considered problematic. Squa¬ 
mous epithelium in the transformation zone 
may become malignant and contribute in pre- 
stages (precancerous) to squamous cell carci¬ 
noma formation (see p. 322 f). 

During postmenopause (g): Lower estro¬ 
gen levels toward the end of the reproduc¬ 
tive phase cause the relocation of cervical 
epithelium and the boundary of the endo- and 
ectocervix moves back into the canalis cervi¬ 
cis uteri (similar clinical presentation to b al- 
though the cervix changes shape after vaginal 
delivery). 
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20.7 Female Internal Genitalia: 

Cytologic Smear, Conization; Cervical Carcinoma 


Ectocervical smear 


Endocervical smear 



a 

A Cytologic smear: Cell morphology of vaginal and vaginal part of 
cervical epithelium; early detection of cervical cancer 

a and b Cytologic smears taken from the portio vaginalis cervicis and 
the canalis cervicis uteri, c transfer of smear material onto glass slide; 
d histological structure and cell morphology of the vaginal and cervi¬ 
cal epithelium in the cytologic smear; e Pap staining of superficial and 
intermediate cells (e from Nauth H.F.: Gynakologische Zytodiagnostik. 
Thieme, Stuttgart 2002). 

Especially in the transformation zone of the cervix uteri, where with 
the onset of puberty the unilayered columnar epithelium of the cer¬ 
vix changes into stratified squamous epithelium (see p. 321), the squa- 
mous epithelium may undergo malignant transformation and turn into 
invasive squamous cell carcinoma. Because cervical cancer usually de- 
velops slowly over time, it is possible to detect it in its early stages with 
the help of cytologic smears. Thus, cytodiagnosis is one of the most 
important tools in early detection of cervical cancer (see D). Cytology 
testing is an obligatory part of the initial gynecologic examination and 
cancer screening (in Germany starting at the age of 20) and is also per- 
formed to evaluate suspicious changes in cervical tissue. The cytologic 
smear should always include cells from the uppermost epithelial layer, 
which if they are normal show signs of differentiation (see p. 320). 

Two smears are taken routinely: the first one (a) must be taken at the 
surface of the portio vaginalis cervicis (ectocervix), and the second 
one (b) from the canalis cervicis (endocervix). The smear material is 
taken with a cotton swab and transferred to a slide and fixed (c). Af- 
ter that, the Papanicolaou method (known as Pap stain) is used to stain 
the cervical smear and evaluate it for characteristics of cell differentia¬ 
tion (cell shape, nuclear shape, nucleus-plasma ratio, see D). Because 
structure, height and the degree of maturation vary with the hormonal 
status (menstrual cycle) of a woman, it is crucial to confirm at which 
point during the cycle the smear is taken. If it is taken during the fol- 
licular phase (effect of estrogen), it is dominated by eosinophilic super¬ 
ficial cells, which are stained red, and flat, basophilic intermediate cells 
with pyknotic nuclei, which are stained greenish-blue (e). This prolifera¬ 
tive phase, during which the uppermost cell layer is constantly regen- 
erated by cells from the basal layer, normally lasts about a week. The 
postovulatory phase is dominated by cell differentiation and desquama- 
tion. Hence, the epithelium is thinner in the second part of the men¬ 
strual cycle. 
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Ostium uteri lodine-positive Epithelium lodine-negative 

epithelium of portio lining canalis epithelium of portio 

vaginalis cervicis cervicis vaginalis cervicis 

B Schiller*s iodine test for localization of abnormal epithelial regions 

a Normal vaginal cervical epithelium stained by iodine produces a dark 
brown color; b Iodine negative, insufficiently differentiated cervical epi¬ 
thelium. 

After inserting a speculum into the vagina, the portio vaginalis cervicis 
is initially examined macroscopically, if necessary with the help of a col- 
poscope allowing a 6-40 fold magnification of the cervix. For the local¬ 
ization of abnormal areas, Schiller’s iodine test utilizes the glycogen con- 
tent of the surrounding normal squamous epithelium. To that end, io¬ 
dine solution (Schiller’s iodine test) is applied to the surface of the cervix. 
Normal squamous epithelium, regardless of whether is autochthonous 
or metaplastic, takes on a dark brown color. However, insufficiently dif¬ 
ferentiated squamous epithelium with a high or low glycogen content 
turns only light brown or is iodine negative. Thus, the iodine-unstained 
areas correspond to the location of undifferentiated epithelium, lodine- 
negative areas are not specific but combined with suspicious cytology re- 
sults (see above cytologic smear) of the same area, point to epithelial ab- 
normalities. Hence, Schiller’s iodine test provides a method with which 
to assess the localization and expansion of cervical changes. Conization 
(see C) is used to remove affected areas. 





a Suspicious area in b Suspicious area in 

the portio vaginalis cervicis the canalis cervicis 

C Conization 

For a histological examination of suspicious findings (iodine-negative ar¬ 
eas, dysplastic cells in the smear), a cone-shaped wedge of uterine cervix 
tissue (conization) is removed while the patient is under anesthesia. In a 
sexually mature woman, abnormal epithelium is most likely found on the 
surface of the portio vaginalis cervicis in the transformation zone. When 
removing a flat and broad wedge of tissue (a), this area is included. In 
postmenopausal women, atypical epithelial cells are usually found in the 
canalis cervicis uteri. This area is included when removing a sharp cone 
of tissue (b). 
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D Cervical carcinoma and its pre-stages 

a Normal and dysplastic cells in the cytologic smear; b Parabasal squa¬ 
mous epithelial cells with atypical and polymorphous nuclei (“immature 
dyskaryotic cells”) (from Nauth, H.F.: Gynakologische Zytodiagnostik. 
Thieme, Stuttgart 2002). 

Pre-stages of cervical carcinoma are initially confined to the epithelium, 
and the deeper layers have not yet been infiltrated (see below). Cellular 
changes that begin at the basal layer and progress to the superficial layer 
(cell shape, nuclear shape, nucleus-plasma ratio) are signs of increasing 
differentiation. They are not present when the cells only divide but don’t 
mature (dysplasia = abnormal cells). Dysplastic cells often have enlarged 
hyperchromatic nuclei, so that the nucleus-plasma ratio shifts in favor 
of the nucleus. The cytologic smear helps to determine the different de- 
grees of dysplasia, and thus the pre-stages of the cervical carcinoma (a). 
Based on the international classification, they are divided into stages of 
CIN (CIN = “cervical intraepithelial neoplasia”): mild dysplasia (CIN I); 
moderate dysplasia (CIN II) severe dysplasia/carcinoma in situ (CIN III). 
The more severe the dysplasia, the more likely the transformation into 


invasive carcinoma. In 50% of cases, mild dysplasia will spontaneously 
regress. In severe dysplasia (b), the atypical changes involve the full 
thickness of the epithelium and the regular stratification has been lost. 
Flowever, the carcinoma has not yet perforated the basement mem- 
brane (carcinoma in situ). Invasion of the basement membrane is char- 
acteristic of an infiltrating growth pattern with subsequent metastasis. 
Approximately 20% of intraepithelial changes have infiltrative growth 
patterns, with a latency period between formation of dysplasia and infil- 
tration of more than 10 years. 

Cervical carcinoma is the second leading cause of cancer-related deaths 
in women worldwide. Approximately 500,000 cases are diagnosed each 
year, and 350,000 die from it despite early detection and treatment. In- 
fection (most commonly sexually transmitted) with certain types of the 
papilloma virus (HPV-16 and HPV-18) has been identified as one major 
pathogenetic factor. These viruses inactivate proteins that monitor cell 
growth (e.g., p53 and Rb). Recently, a vaccination against tumor-pro- 
ducing viruses has become available. 
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20.8 Female Internal Genitalia: 

Ovary and Follicular Maturation 


Uterus, 
facies posterior 

Lig. ovarii proprium 

Extremitas uterina 

Follicular stigma (bulge 
from graafian follicle) 

Mesometrium 


Margo Tuba uterina 

Meso- mesovaricus 
varium 



A Ovarium 

Posterior view of a right ovarium, showing the peritoneal ligaments that 
transmit vessels to the ovarium (lig. suspensorium ovarii with the a. and 
v. ovarica, lig. ovarii proprium with the r. ovaricus of the a. uterina, and 
portions of the plexus venosus uterinus) along with part of the uterus, 
tuba uterina, and lig. latum uteri. The ovarium is positioned such that it 
lies in the fossa iliaca of the pelvis minor. 

Note: Given the dual vascular supply to the ovarium from the upper ab¬ 
domen (the vessels accompany the ovarium during its developmental 
descent) and the blood supply to the uterus (close to the ovarium), both 
vascular systems should be ligated during a hysterectomy. 

In a woman of reproductive age, the ovarium is 3-5 cm long and has 
the size and shape of a pium. It consists of a cortex ovarii and medulla 
ovarii (see C) and is surrounded by a tough collagenous capsule (tunica 


albuginea). The cortex ovarii contains folliculi ovarici at varying stages 
of development. The folliculi contain an oocyte surrounded by follicular 
epithelium and a connective-tissue mantle. Female hormones are not 
produced by the oocyte itself but by the cells that surround it. Although 
an intraperitoneal organ, the ovarium is covered externally by germinal 
epithelium (on its tunica albuginea) and has a shiny surface. 

Note: The visceral peritoneal covering of the ovarium, a single-layered 
cuboidal epithelium that surrounds the tunica albuginea, has been re- 
ferred to traditionally as “germinal epithelium,” but it does not partici¬ 
pate at all in the principal, reproductive function of the ovarium—egg 
production—nor is it involved in replenishment of cells in the ovarium 
itself. However, it is “germinal” in another, unfortunate way—90% of all 
malignant ovarian tumors are thought to originate in this cell layer. 


B Ovum collectiori mechanism 

Posterior view of a right ovarium and tuba uterina. Both the tuba uterina 
and the ovarium are motile. The tuba uterina derives its motility from 
its muscular wall and pulsations of adjacent vessels. Rotational and lon- 
gitudinal movements of the tuba uterina make it easier for the fimbri- 
ated end of the tuba uterina to contact the entire ovarium. The move¬ 
ments stop when the ostium abdominale tubae uterinae has cupped 
the mound formed by a graafian folliculus ovaricus. 
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C Follicular maturation in the ovarium 

The sequence of follicular maturation is illustrated in a clockwise direc- 

tion around the ovarium. The follicular stages are not drawn to scale. 

a Ovarium: Section through the ovarium of an adult woman, demon- 
strating its structure and follicular stages. The Central medulla ovarii 
is surrounded by a cortex ovarii containing folliculi at various stages 
of development. At the lower edge ofthe ovarium, an oocyte is being 
released from a ruptured folliculus (ovulation). After ovulation has 
taken place, the graafian folliculus initially develops into a hormon- 
ally active corpus luteum and later regresses to form a white fibrous 
scar (corpus albicans). 

b Primordial follicle: Oocyte surrounded by a single layer of flat epi¬ 
thelial cells. 

c Primary follicle: When the single layer of epithelium around the 
oocyte becomes multilaminar but without an atrium, the follicle is 
called a primary follicle. 

d Secondary follicle: The epithelium (composed of granulosa cells) be¬ 
comes stratified with an antrum present, and the epithelium and oo¬ 
cyte are separated from each other by a conspicuous zona pellucida. 
The fluid-filled spaces between the epithelial cells coalesce to form 
a single cavity (follicular cavity or antrum) containing follicular fluid. 
The connective tissue surrounding the follicular epithelium is orga- 


nized into a theca externa and theca interna (hormone production), 
which are separated from the epithelium by a basement membrane. 
e Graafian follicle: Preovulatory follicle with a large follicular cavity. 
The oocyte is located on an eccentric hillock, the cumulus oophorus, 
together with a large aggregation of epithelial cells, the corona ra¬ 
diata. 

Note: The graafian follicle is approximately 2 cm in diameter—large 
enough to create a distinet bulge on the ovarian surface. 
f Ovulation: The follicle ruptures, and the oocyte is expelled with the 
cumulus oophorus cells into the cavitas peritonealis. Generally the 
oocyte is caught by the fimbriated end of the tuba uterina. Some 
spontaneous bleeding occurs into the follicular cavity. 
g Corpus luteum: This is a yellowish structure of very high hormonal 
activity formed by transformation ofthe graafian follicle. If the ovum 
is not fertilized, the corpus luteum involutes and degenerates during 
the menstrual cycle (becoming the corpus luteum of menstruation). 
If fertilization takes place, the corpus luteum persists (as the corpus 
luteum of pregnancy) during the first trimester in response to hor¬ 
monal stimulation from the zygote, lasting until its hormonal func- 
tion has been replaced by the placenta. 

Note: A new follicle matures every 28 days. However, maturation of each 
individual follicle takes much longer. 
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20.9 Pregnancy and Childbirth 






a metrium metrium e 



A Phases in the migration of the fertilized ovum and sites of 
ectopic pregnancy 

a Phases in the migration of the fertilized ovum: Normally the zygote 
migrates to the uterus. The ovum is fertilized in the tuba uterina, usu- 
ally in the ampulla tubae uterinae. Spermatozoa reach that site by a 
flagellating tail action that enables them to swim “upstream” against 
the flow of the ciliated epithelium (positive rheotaxis)—the same cur¬ 
rent that propels the zygote toward the cavitas uteri. As it migrates 
through the tuba uterina, the zygote undergoes various stages of de- 
velopment. On approximately the sixth day after ovulation, the blas- 
tocyst implants in the endometrium, which has been prepared by se- 
cretory transformation (see close-up in e). 


B Levels of the uterus during pregnancy 

a Anterior view; b Left lateral view. 

The fundus uteri is palpable at different levels during the various lunar 
months of pregnancy (lunar month = a 28-day period). 

Note: At the start of the 10th lunar month, the fundus uteri turns an- 
teriorly and drops to a level that is slightly lower than in the 9th lunar 
month. 

As term approaches, the greatly enlarged uterus presses against al- 
most ali the organs in the abdomen and pelvis. In the supine position 
the uterus may even compress the v. cava inferior, compromising ve- 
nous return to the heart. In emergency situations, therefore, a pregnant 
patient should always be placed in the left lateral decubitus position to 
avoid vascular compression. 


b-e Show the two- and four-cell stages of development (30 hours), a 
morula with 16 cells (3 days), and the zygote after implantation (e), 
f Sites of ectopic pregnancy. Under abnormal conditions, a fertilized 
ovum may become implanted at various sites outside the cavitas 
uteri: 

• at sites close to the uterus (tubal pregnancy) or 

• within the cavitas peritonealis (abdominal pregnancy). 

In a tubal pregnancy (e.g., caused by postinflammatory adhesions of 
the tubal tunica mucosa that hamper zygote migration), there is a 
risk of tubal wall rupture due to the close confines of the tubal lumen, 
possibly causing a life-threatening hemorrhage into the cavitas peri¬ 
tonealis. 



pubica 
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Days 2-3 
Days 5-6 
Days9 -10 





Crista iliaca 

Spina iliaca 
anterior superior 

Symphysis 

pubica 


C Postpartum involutiori of the uterus 

Anterior view. With normal postpartum involution of the uterus, the 
fundus uteri can be palpated and physically examined at various levels. 
Three palpable bony landmarks (the crista iliaca, spina iliaca anterior su¬ 
perior, and symphysis pubica) can be helpful in evaluating the level of 
the fundus uteri. 


Interspinous 

diameter Promontorium Os coccygis 




D Important obstetric pelvic dimensions: Pelvic planes 

a Midsagittal section of the female pelvis, viewed from the left side 
b Superior view of a female pelvis. 

During parturition, the fetus passes through various planes of the ma- 
ternal pelvis. The pelvic dimensions of greatest clinical importance are 
sagittal (smallest anteroposterior diameter). The pelvis has its smallest 


sagittal diameter at the “true conjugate”, (conjugata vera obstetrica) 
which is the shortest distance from the posterior surface of the symphy¬ 
sis pubica to the promontorium ossis sacri. That distance should be at 
least 11 cm; if not, a normal vaginal delivery may be difficult or impos- 
sible. The most important fetal dimensions are cranial, particularly the 
greatest sagittal head diameter. The principal pelvic dimensions are re- 
viewed in E. 


E Internal dimensions of the female pelvis 


Designation 

Definition 

Length 

Conjugata vera 
obstetrica diameter 
(true conjugate) 

Distance between the 
promontorium ossis sacri 
and the posterior border of 
the symphysis pubica 

11 cm 

Conjugata diagonalis 

Distance between the 
promontorium ossis sacri 
and the inferior border of 
the symphysis pubica 

12.5- 

13cm 

AP diameter of apertura 
pelvis inferior 

Distance between the infe¬ 
rior border of the symphy¬ 
sis pubica and the tip of the 
os coccygis 

9(+2)cm 

Transverse diameter of 
pelvic inlet plane 

Longest distance between 
the lineae terminales 

13cm 

Interspinous diameter 

Distance between the spi¬ 
nae ischiadicae 

11 cm 

Right (1) and left (II) 
diameter obliqua 

Distance between the ar¬ 
ticulatio sacroiliaca at the 
level of the linea termina¬ 
lis and the eminentia iliopu¬ 
bica on the opposite side 

12cm 



Guide line 
through birth 
canal 


F Birth canal in the expulsion phase of labor 

(after Rauber and Kopsch) 

The cervix uteri, vagina, and diaphragma pelvis have been stretched 
open to form a “soft-tissue tube.” The fetal head, which always rotates 
its greatest (sagittal) diameter to match the greatest diameter of the 
current pelvic plane, follows the line indicated. Most babies are deliv- 
ered in the “occiput anterior” position, with the occiput pointing to- 
ward the symphysis pubica. 
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20.10 Male Genitalia: 

Accessory Sex Glands 


A Accessory sex glands (prostata, glandulae vesiculosae, and 
glandulae bulbourethrales) 

Posterior view of the vesica urinaria, prostata, gll. vesiculosae, and gll. 
bulbourethrales. The peritoneum and fascia pelvis visceralis have been 
completely removed; stumps of both ureteres and ductus deferentes 
have been left in place to aid orientation. Each of the gll. vesiculosae 
consists of a tube approximately 15 cm long that is coiled upon itself to 
a length of about 5 cm. The secretion from the gll. vesiculosae makes 
up approximately 70% of the volume of the ejaculate, is slightly alkaline 
(pH 7.4), and is very high in fructose (energy source for the spermato¬ 
zoa). The term “seminal vesicle” is misleading in that the gland does 
not contain spermatocytes. The ductus excretorius of the gl. vesiculosa 
unites with the ductus deferens to form the ductus ejaculatorius, which 
passes through the prostata. The gll. vesiculosae develop from the epi¬ 
thelium of the ductus mesonephrici and are situated lateral to the duc¬ 
tus deferentes, which also develop from the ductus mesonephrici. The 
gll. bulbourethrales are embedded in the m. transversus perinei pro¬ 
fundus, and their approximately 2- to 4-cm-long ducts open into the 
posterior aspect of the urethra. They secrete a ciear, watery fluid that 
prepares the urethra for the passage of the sperm. The prostata is de- 
scribed in B. 
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Vesica urinaria, 
fundus 


Urethra 

masculina 
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urethralis 


Vesica urinaria, Peritoneum Vesica urinaria, Vesica urinaria, 
apex viscerale corpus cervix 


Fascia investiens 
superficialis abdominis 

Symphysis pubica 

Spatium retropubicum 

V. dorsalis 
superficialis penis 

Fascia penis (superficialis) 

Fascia penis (profunda) 

Urethra, pars 
spongiosa 

Corpus spongiosum penis 

Corpus cavernosum penis 

Glans penis 

Preputium penis 



Vesica urinaria, 
fundus 

Ampulla ductus 
deferentis 

Rectum 

Ductus ejaculatorius 
Prostata 

Fascia rectoprostatica 

M. transversus 
perinei profundus 

GL bulbourethralis 

M. bulbospongiosus 


Urethra, 

fossa navicuclaris 


Septum scroti 


Scrotum 


B The prostata in situ 

Sagittal section through a male pelvis, viewed from the left side, with 
the vesica urinaria and rectum opened. This drawing is a composite 
from many planes to demonstrate the peritoneal relationships and the 
attachment of the gl. vesiculosa to the prostata and urethra. The para- 
median ampulla ductus deferentis has been straightened somewhat 
and projected into the sectional plane with the ductus ejaculatorius and 


left gl. bulbourethralis. The prostata is located at the ostium urethrae 
internum and encircles the urethra (see C). It borders posteriorly on the 
anterior wall of the rectum, separated from it by connective-tissue fas¬ 
cia. The prostata has no contact with the peritoneum and lies entirely in 
the spatium extraperitoneale pelvis. By contrast, the tips of the gll. ve¬ 
siculosae are frequently covered by peritoneum viscerale. 
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C Relationship of the prostata to the urethra 

a Coronal section (anterior view), b sagittal section (left lateral view), 
and c transverse section (superior view) through the prostata and ure¬ 
thra. 

The prostata is a chestnut-sized gland consisting of two lateral lobi 
(dexter and sinister) that are joined posteriorly by the lobus medius and 
anteriorly by the isthmus prostatae. The entire gland is surrounded by 
a firm connective-tissue capsule (capsula prostatica). The prostata is 
a derivative of the urethral epithelium, appearing initially as a poste¬ 


rior epithelial bud that later grows to encircle the pars prostatica ure¬ 
thrae. Histologically, the prostata is composed of 30-50 tubuloalveolar 
glands that open into the pars prostatica urethrae via approximately 20 
excretory ducts. The prostatic secretion makes up approximately 30% 
of the volume of the ejaculate. It contains compounds that are impor¬ 
tant for active sperm motility. The secretion is colorless, watery, and 
slightly addic (pH 6.4). It also contains a protein (prostate-specific anti- 
gen, PSA) whose serum levels are frequently elevated in patients with a 
prostatic malignancy. 






d 


D Normal values for the male accessory sex 
glands 


Prostata 

Sagittal diameter 

Width 

Thickness 

Glands 

Duct system 

Secretion 

Weight 

Glandula vesiculosa 

Length - Coiled 

- Uncoiled 
Secretion 

Glandula 

bulbourethralis 

Size 

Duct length 


ca.2-3cm 

ca.4cm 

ca.1-2cm 

ca.40 lobules 

ca.20 ducts 

pH 6.4; enzyme-rich 

ca.20g 


ca.3-5cm 

ca.15cm 

pH 7.4; fructose-rich 


Pea-sized 

ca.4cm 


E Clinical and histological division of the prostata into zones 

(after McNeal) 

Schematic representation of the prostata (a) viewed in three sections: b 
frontal section, c sagittal section; d horizontal section. 

The most commonly used system for anatomic division of the prostata 
is based on studies by McNeal. The pars prostatica urethrae serves as a 
landmark and at the level of the colliculus seminalis angles anteriorly 
(35 degrees) and divides into a pars proximalis and a pars distalis (c and 
Cb). At the level of the colliculus seminalis lies the opening of the utricu¬ 
lus prostaticus (remnant of the ductus paramesonephrici), on each side 
of which lie the openings of the ductus ejaculatorii. The pars proxima¬ 
lis partis prostaticae urethrae is surrounded like a cuff by the periure- 


thral zone, which is flanked on each side by the transition zone that con- 
sists of two lobi that account for not more than 5 % of the glandular tis- 
sue of the prostata. Behind it lies the wedge-shaped Central zone that 
accounts for approximately 25% of the prostatic tissue. It is traversed 
by the ductus ejaculatorii and the utriculus prostaticus. The peripheral 
zone extends posterolaterally and accounts for 70% of prostatic weight. 
Anterior prostate tissue consists of a fibromuscular stroma that lacks 
glands. 

Note: Approximately 70% of prostatic carcinomas occur in the periph¬ 
eral zone near the capsula prostatica. The most common site of be- 
nign prostatic hyperplasia is the transition zone, the volume of which 
increases significantly as a resuit (see p. 330). 


329 






























Abdomen and Pelvis 


20. Organs of the Cenital System and their Neurovasculature 


20.11 Prostate Tumors: Prostatic Carcinoma, 
Prostatic Hyperplasia; Cancer Screening 


Vesica Subcapsular 

urinaria prostatic carcinoma 



Prostatic Compressed 

hyperplasia urethra Rectum 



A Prostatic carcinoma 

Prostatic carcinoma is the most common urological tumor in males, 
with 95% of prostatic carcinomas occurring in males between the ages 
of 45 and 89. The average age at diagnosis is 70. In Germany, 50,000 
males are diagnosed each year. It is the third most common cause of 
cancer related deaths (accounting for 10% of deaths due to cancer). 
Prostatic carcinomas most often (85%) grow in the peripheral zone of 
the prostata (see p. 329). Because of its predominantly peripheral loca- 
tion, typical symptoms appear only when the tumor has spread locally. 
Symptoms indicate bone metastases: back pain, n. ischiadicus pain, and 
pulling pain in the pelvic region. In almost 50% of patients who are di¬ 
agnosed with a malignant prostate tumor, the cancer will metastasize 
which then signifies the incurable stage of the disease. Hence, screen¬ 
ing for prostate cancer is crucial to improve the chances of survival. Cur- 
rently, three tests are routinely performed as part of the screening (see 
C, D, and E): 

• Measurement of prostate-specific antigen (PSA) 

• Digital rectal examination (DRE) 

• Transrectal ultrasound (TRUS) 

Therapeutic concepts: Generally, treatment options are based on the 
stage of cancer at the time of diagnosis. Usually, a locally confined 
prostatic carcinoma is treated with surgery (radical prostatectomy) or 
radiation (e.g., brachytherapy). Because prostate cancers are testoster- 
one-dependent, progressive tumors are often treated with anti-andro- 
gens. Testosterone secretion is reduced by suppressing GnRH secretion 
(GnRH = gonadotropin-releasing-hormone) with the help of synthetic 
GnRH analogs, which permanently occupy pituitary GnRH receptors 
(functional castration). 


B Benign prostatic hyperplasia (BPH) 

Benign prostatic hyperplasia is the most common type of prostatic tu¬ 
mor in older men. BPH is characterized by structural changes accompa- 
nied by the formation of nodules particularly in the transition zone (see 
p. 329), but also often in the peripheral zone, caused by cell prolifera- 
tion (hyperplasia). Both glandular and stromal proliferation contribute 
to the hyperplasia (fibromuscular/glandular hyperplasia) and resuit in an 
enlarged transition zone and thus the entire prostata. The affected ar¬ 
eas are mainly those immediately surrounding the urethra. Compres- 
sion of the urethra leads to voiding dysfunction including reduction in 
micturition interval, weak urinary stream and resulting strained efforts 
to push urine out of the vesica urinaria, and pollakiuria (frequent pass- 
ing of small volumes of urine). At advanced stages, increasing obstruc- 
tion of the ostium urethrae internum leads to vesica urinaria wall hyper- 
trophy (trabeculated bladder), residual urine retention and backlog of 
urine accompanied by the bilateral dilation of the ureteres and the caly- 
ceal system of the pelvis renalis. 

Diagnostic process: In addition to the patienfs history (typical symp¬ 
toms?) and rectal palpation (enlarged prostata, clearly defined pros¬ 
tata), transvesical and transrectal sonography is used to assess size and 
structural changes of the prostata and to measure the volume of resid¬ 
ual urine. Uroflowmetry measures urine flow (normal values range from 
15 to 40 ml/s). Prostate-specific antigen (PSA, see D) can be elevated 
just like with the presence of prostata cancer. 

Treatment options: In addition to a “wait and watch” approach (hyper¬ 
plasia sometimes comes to a standstill), more conservative methods are 
used to significantly alleviate symptoms (phytotherapy, antiadrenergic 
therapy, and anti-androgens hormonal treatment-testosterone-depen- 
dent hyperplasia). The most common surgical treatment is transure- 
thral resection of the prostata. An electric loop is used to break off small 
pieces of tissue, which are flushed through the urethra. 
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C Palpation of the prostata 

a Left lateral postion; b Knee-elbow position; 
c Lithotomy position; d Digital rectal palpa¬ 
tion. 

The digital rectal examination (DRE) of the 
prostata is an important screening test and 
should be performed yearly beginning at age 
40. It can be done with the patient in the knee- 
elbow, lithotomy, or lateral position and starts 
with the inspection of the rectum. The pros¬ 
tata can be located at the anterior wall of the 
rectum 7-8 cm from the anus (d). Size, sur- 
face, and consistency of both lobes, the me- 


dial sulcus, the movability of the rectal mu¬ 
cosa, and the delineation from neighboring tis- 
sue are evaluated. The prostata is normally the 
size of a chestnut and its consistency is like the 
contracted thenar muscles of the thumb. With 
benign prostatic hyperplasia (see B) the pros¬ 
tata surface is smooth, despite being grossly 
enlarged, and the rectal tunica mucosa is mov- 
able. Prostate cancer (see A), however, makes 
the gland hard and bumpy and reduces the 
mobility of the rectal tunica mucosa. A soft, 
tender, ill-defined prostata is a sign of prostate 
infection. 



D Measurement of prostate-specific antigen (PSA) 


Prostate-specific antigen (PSA) is a serine prote- 
ase that is predominantly produced by the pros¬ 
tata epithelial cells, which are secretorially ac¬ 
tive. It contributes to the liquefaction of the vis- 
cous secretion of the gll. vesiculosae. Thus, PSA 
is a normal enzyme present in healthy men. 
Some of it enters the bloodstream and circulates 
freely (f-PSA) or in a complex formation (c-PSA). 
Normally, the serum level of total PSA is 4ng/ml, 
but it can vary for a specific individual. Because 
PSA formation rate in prostatic carcinoma cells 
can be up to 10 times higher than in normal 
cells, PSA values can be used as a tumor marker 



E Transrectal ultrasound (TRUS) 

a Insertion of the ultrasound probe into the 
rectum; b Images of the prostata in trans¬ 
verse and sagittal section for the assessment 
of prostatic volume (from: Dietrich, CH.: En- 
dosonographie, Lehrbuch und Atlas des en- 
doskopischen Ultraschalls. Thieme, Stuttgart 
2008). 

Transrectal ultrasound or transrectal prostata 
sonography is a simple, quick and inexpensive 
procedure and thus the primary diagnostic im- 
aging technique for evaluating the prostata. A 
gel-filled condom is placed over a probe, which 


(although with some limitations). With slightly 
elevated levels (4-10 ng/ml), a prostatic carci¬ 
noma is detected in 25 % of cases, and in 50 % of 
cases with a greatly elevated level (greater than 
10 ng/ml). Since other benign diseases (benign 
prostatic hyperplasia, chronie prostatitis), sport- 
ing activities (horse riding, bike riding) and sim- 
ply straining on the toilet due to constipation 
can lead to elevated PSA levels, the value of PSA- 
based early detection of prostatic carcinoma is 
controversial. 



is inserted into the rectum. This method al- 
lows for optimal coupling to the anterior wall 
of the rectum to minimize interference with 
air or feces. With a frequency of 7.5 MHz, high 
quality images can be taken at a depth of 1-5 
cm from the surface of the prostata. To aid ori- 
entation, it is first displayed in transverse sec¬ 
tion. By turning the probe, the prostata can be 
evaluated in a sagittal section. Displaying the 
prostata in both sections helps to determine 
the exact size and thus volume of the prostata. 


Biopsy Transducer 



Specimen 

collection Container 


F Prostate biopsy guided by transrectal 
ultrasound (TRUS) 

Ultrasound-guided transrectal trephine biopsy 
is performed to provide histological proof of 
prostatic carcinoma. The transrectal ultra¬ 
sound is used to guide the biopsy needle ei- 
ther to systematically chosen areas of the 
prostata orto palpable lumps in suspicious ar¬ 
eas. The needle, which is passed through the 
needle guide attached to the probe, is con- 
stantly visible on the ultrasound image. In this 
way, suspicious areas can be precisely located. 
In trephine biopsy usually 8-18 thin tissue cyl- 
inders are obtained, which will then be histo- 
logically assessed. The fact that a biopsy only 
evaluates parts of the prostata limits the con- 
clusiveness of the results. 
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20.12 Male Genitalia: 

Scrotum, Testis, and Epididymis 


Cutis 


Fascia spermatica 
interna 

A. testicularis 

Plexus testicularis 

Lamina parietalis 
tunicae vaginalis testis 
(periorchium) 

Epididymis, 
caput 

Glans penis 



Tunica dartos 
Fascia cremasterica 
M. cremaster 
Plexus 

pampiniformis 

Fascia spermatica 
externa 

Epididymis, 

corpus 

Testis with lamina 
visceralis tunicae vaginalis 
testis (epiorchium) 


Scrotum 


A The scrotum and coverings of the testis in situ 

Left lateral view with the scrotum opened in layers. The testis is a paired 
organ having the approximate size and shape of a pium (see D). It is di- 
vided by fibrous septa into approximately 350 lobuli. The layers of the 
scrotum and coverings of the testis are formed by the layers of the an¬ 
terior abdominal wall during the developmental descent of the testis 
(see E). As the testis descends, it carries with it a finger-shaped pro- 
cess of peritoneum (processus vaginalis peritonei) through the cana¬ 


lis inguinalis; normally this process becomes obliterated and separated 
from the cavitas peritonealis at the anulus inguinalis profundus. Thus 
the peritoneum forms a closed sac within the scrotum (tunica vaginalis) 
composed of a lamina visceralis and a lamina parietalis. An abnormal 
collection of serous fluid in the space between the two peritoneal lay¬ 
ers (hydrocele) may exert pressure on the testis, causing clinical com- 
plaints. Occasionally, however, the peritoneal process remains patent 
and gives rise to a congenital indirect inguinal hernia. 


Septulum Lamina visceralis tunicae 

testis vaginalis testis (epiorchium) 


Lobulus testis 

Septum scroti 

Mediastinum testis with 
rete testis 

Epididymis, corpus 

A. testicularis 



Cavitas peritonealis 
scroti 

Lamina parietalis 
tunicae vaginalis testis 
(periorchium) 

ScrotaI skin 

Tunica dartos 

Fascia spermatica 
externa 

. cremaster with 
fascia cremasterica 


Fascia spermatica 
interna 


Ductus 

deferens 


Plexus 

pampiniformis 


B Scrotum and coverings of the testis in cross-section 

Transverse section through the right testis, viewed from above. The 
magnified view shows the various layers that make up the coverings of 
the testis. The testis is surrounded by a firm fibrous capsule, the tunica 
albuginea. Fine connective-tissue septa radiate inward from the tunica 


albuginea to the mediastinum testis, subdividing the testis into approxi¬ 
mately 350-370 lobules that contain the tubuli seminiferi (see C). The 
tubuli seminiferi are the sites where the spermatocytes develop (sper- 
matogenesis). Groups of cells embedded in the interstitial connective 
tissue produce testosterone. 
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C Structure of the testis and epididymis 

Left lateral view of the left testis and epididymis. The testis has been 
sectioned in the sagittal plane, and the epididymis has been elevated 
from the testis. The wedge-shaped lobuli of the testis contain the tubuli 
seminiferi (tubuli seminiferi contorti, approximately 3 cm long coiled, 
20 cm long uncoiled), where the sperm develop. The tissue between 
the tubuli seminiferi contorti contains the interstitial (Leydig) cells, 
which produce androgens, principally testosterone. The tubuli semi¬ 
niferi contorti continue into the tubuli seminiferi recti, which continue 
into the rete testis, a network of anastomosing epithelium-lined chan- 
nels. The rete testis is connected to approximately 12 ductuli efferentes 
testis, which open into the epididymis. Attached to the posterior aspect 
of the testis, the epididymis is the organ of storage and maturation for 
the spermatozoa. The caput epididymidis consists mostly of the ductuli 


D Normal values for the testis and epididymis 


Testis 


Epididymis 


Weight 

ca. 20g 

Length of ductus epididymidis 

Length 

ca.4cm 

- Uncoiled 

ca. 6m 

Width 

ca. 2cm 

- Coiled 

ca. 6cm 

350-370 lobuli testis 
Approximately 12 ductuli 



efferentes testis 





E Coverings of the testis and layers of the abdominal wall 

The canalis inguinalis is an evagination of the abdominal wall. As a re¬ 
suit, the anatomical layers of the abdominal wall have their counter- 
parts in the layers of the scrotum and testicular coverings. 


Layers of the abdominal wall 

Coverings of the funiculus 
spermaticus and testis 

• Abdominal skin and funiculus 

-> Scrotal skin with tunica dartos 

spermaticus of superficial 
fascia 


• Aponeurosis musculi obliqui 

-> Fascia spermatica externa 

externi abdominis 

-* M. cremaster and its fascia 

• M. obliquus internus 


abdominis and its aponeurosis 

Fascia spermatica interna 

• Fascia transversalis 

Tunica vaginalis: lamina parietalis 

• Peritoneum 

and lamina visceralis 


Ductus epididymis with 
caput epididymidis 


Ductuli 

efferentes 

testis 

Ductuli 

seminiferi 

recti 

Rete testis 


Ductus epididymis with 
corpus epididymidis 



Lobulus testis with ductuli 
b seminiferi contorti 


Ductus epididymis with 
cauda epididymidis 


Ductus 

deferens 


efferentes testis, while its corpus and cauda consist of the highly convo- 
luted ductus epididymidis (approximately 6 m long when unraveled). In 
the caput epididymidis, the ductuli efferentes testis open into the duc¬ 
tus epididymidis, which is continuous at its caudal end with the ductus 
deferens. 

Note: The testis and epididymis lie inside the scrotum and outside the 
cavitas abdominalis because the temperature within the body cavity is 
too high for normal spermatogenesis. Thus, failure of the testis to de- 
scend normally into the scrotum (i.e., an inguinal testis) is frequently as- 
sociated with infertility. 

The formation and maturation of spermatocytes in the testis, the mi- 
gration of spermatozoa in the epididymis, and their final storage in the 
caudal part of the epididymal duct takes approximately 80 days. 


Head, nucleus 


Neck 



Head, acrosome 


Centriole 


Mitochondria 


Midpiece 


Principal piece 


F Ultrastructure of a mature spermatozoon 

It takes approximately 80 days for a spermatic stem cell (spermatogo¬ 
nium) to develop into a mature spermatozoon. The spermatogonia are 
formed in the convoluted seminiferous tubules, while final maturation 
takes place in the epididymis. The ultrastructural features of the sper¬ 
matozoon, which is approximately 60 pm long (with tail), include the 
following: 

• The head with the acrosome and nucleus 

• The tail (flagellum), which contains the axonema (axial filament) and 
consists of several parts: 

- Neck 

- Midpiece 

- Principal piece 

- End piece (not shown here) 
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20.13 Male Genitalia: 

Seminiferous Structures and Ejaculate 


Canalis Ureter Vesica 



A OverView of the seminiferous structures 

Anterior view of the male reproductive tract. The vesica urinaria is also 
shown to aid orientation. 

Note: The urethra masculina serves as a common urinary and genital 
passage. 

The ductus deferens and the ductus excretorius of the gl. vesiculosa join 
to form the ductus ejaculatorius, which opens into the urethra (see C). 


Tunica muscularis, outer Tunica muscularis, inter- 
longitudinal fibers mediate circular fibers 



Tunica muscularis, inner 
a longitudinal fibers 



B Wall structure and musculature of the ductus deferens 

a Wall structure of the ductus deferens, cross-section through the lu¬ 
men. The ductus deferens (vas deferens) is approximately 40 cm long 
and 3 mm in diameter. It arises in continuity with the ductus epididy¬ 
midis at the caudal end of the epididymis. Its function is to transport 
the sperm suspension rapidly toward the urethra during ejaculation. 
It is equipped for this task with powerful smooth muscle fibers that 
appearto be arranged in three layers (longitudinal, circular, and lon¬ 
gitudinal; see b). Facing the lumen of the ductus deferens is a sim¬ 
ple columnar epithelium. Close to the epididymis the epithelium be- 
comes pseudostratified, and many cells bear stereocilia (nonmotile 
cellular projections). 

b Musculature of the ductus deferens, three-dimensional represen- 
tation of the muscle fiber pattern (after Rauber and Kopsch). The 
smooth muscle of the ductus deferens appears to have a three-lay- 
ered arrangement when viewed in cross-section. Actually, however, 
the muscle fibers are arranged in a continuous pattern that spirals 
around the duct lumen in turns of varying obliquity. The smooth- 
muscle fibers of the ductus deferens have an extremely rich sympa- 
thetic innervation, as ejaculation is triggered by the sympathetic ner¬ 
vo us system. 


C Site of spermatogenesis and pathway of sperm transport 

The seminiferous structures in the striet sense consist of the ductuli ef¬ 
ferentes testis, ductus epididymidis, and ductus deferens. 


Testis 


Epididymis 

• Caput 

• Corpus 

• Cauda 


Canalis inguinalis and 
cavitas pelvis 

Prostata 


Diaphragma pelvis and 
penis (corpus 
spongiosum) 


• Tubuli seminiferi contorti (spermato¬ 
genesis) 

• Tubuli seminiferi recti 

• Rete testis 

• Ductuli efferentes testis 


• Ductuli efferentes testis (open into 
ductus epididymidis) 

• Ductus epididymidis 

• Ductus epididymidis (opens into ductus 
deferens) 

• Ductus deferens 


• Ductus ejaculatorius (union of ductus 
deferens and ductus excretorius of gl. 
vesiculosa) 

• Urethra 


D The ejaculate (normal values and terminology) 

The ejaculate consists of spermatozoa and seminal fluid, which comes 
mainly from the gll. vesiculosae (approximately 70%) and prostata (ap¬ 
proximately 30%). 


Quantity 

2-6ml 

PH 

7.0-7.8 

Sperm count 

ca. 40 million spermatozoa/mL (40-50% 
of which show vigorous motility; at least 

60% are structurally normal) 

Length of spermatozoa 

ca. 60 pm 

Normospermia 

Normal ejaculate 

Aspermia 

No ejaculate 

Hypospermia 

<2 mL of ejaculate 

Normozoospermia 

Normal sperm count (see above) 

Azoospermia 

No spermatozoa 

Oligozoospermia 

<20 million spermatozoa/mL 

Necrozoospermia 

AII spermatozoa are motionless 

Teratozoospermia 

>60% of spermatozoa are structurally 
abnormal 
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M. psoas major Ureter 


A. iliaca interna 


M. iliacus 

Vasa testicularia 

A. iliaca externa 

V. iliaca externa 

A. umbilicalis 

Lig. inguinale 

A. and v. epigastrica 
inferior 

Hiatus saphenus 

A. and v. pudenda 
externa 

A. and v. femoralis 

Plexus pampiniformis 
(v. testicularis) 


Ductus deferens 
dexter 

Fascia spermatica 
interna 


Epididymis 



Plexus sacralis 


Rectum 


Vesica urinaria 


Lig. suspensorium 
penis 

Ductus deferens 
sinister 

Dorsum penis 

A. dorsalis penis and 
v. dorsalis profunda penis 

Testis 

Glans penis 


E The funiculus spermaticus in situ 

Anterior view. The canalis inguinalis has been opened on both sides, and 
the coverings of the funiculus spermaticus have been opened anteri- 
orly to show the course of the ductus deferens. The canalis inguinalis is 
markedly larger in the male than in the female due to the presence of 
the funiculus spermaticus. This larger canal and the larger inguinal ring 


predispose the male to the herniation of abdominal viscera through the 
canalis inguinalis (inguinal hernia). 

Note: The ductus deferens passes lateral to the a. and v. epigastrica infe¬ 
rior. This relationship should be noted in operations on the inguinal ring 
to avoid vascular injury. 


A. and v. ductus 
deferentis 


N. ilioinguinalis 
Ductus deferens 


R. genitalis of 
n. genitofemoralis 

A. testicularis 

Connective 
tissue stroma 


M. cremaster 

A. and v. 
cremasterica 



Obliterated 
proc. vaginalis 

Autonomic nerves 
(plexus testicularis) 

Plexus pampiniformis 
(testicular veins) 


Fascia spermatica 
externa 


Fascia spermatica 
interna 


Fascia cremasterica 


F Contents of the funiculus spermaticus 

Transverse section through the funiculus sper¬ 
maticus to display the wall layers of the cord 
and the arrangement of its contents. Even a 
normally developed venous network (plexus 
pampiniformis) may be affected by abnormal 
varicose dilation about the testis (varicocele, 
due for example to a venous outflow obstruc- 
tion) and may raise the temperature of the tes¬ 
tis, leading to decreased fertility. 

Note: The plexus pampiniformis drains into the 
v. testicularis. The v. testicularis dextra opens 
into the v. cava inferior, while the v. testicularis 
sinistra runs close to the polus inferior of the 
ren and enters the v. renalis at almost a 90° an- 
gle. Thus, it is more common for varicoceles to 
develop on the left side than on the right side 
in response to a condition that obstructs tes¬ 
ticular venous flow (mass on the polus inferior 
renis, vein entering at a hemodynamically un- 
favorable angle). 
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20.14 Branches of the Arteria Iliaca Interna: OverView of Arteries 
Supplying the Pelvic Organs and Pelvic Wall 


Aorta abdominalis 


A. iliaca 
communis dextra 


Vertebra LV 
A. sacralis mediana 
A. iliolumbalis 


A. iliaca interna, 
posterior trunk 


A. umbilicalis, 
pars patens 

A. iliaca interna, 
anterior trunk 

N. obturatorius 

A. obturatoria 

A. umbilicalis, 
pars occlusa 

A. epigastrica 
inferior 

A. vesicalis superior 

R. obturatorius of 
a. epigastrica inferior 


A. ductus 
deferentis 



A. sacralis lateralis 
A. glutea superior 
A. glutea inferior 
Plexus sacralis 
A. vesicalis inferior 
A. rectalis media 
M.coccygeus 

M. obturatorius 
internus 

A. pudenda interna 

N. pudendus 


A Branches of the right arteria iliaca interna in the male pelvis 

Sagittal section viewed from the left side, idealized, the pelvic organs 
have been removed. 

The a. iliaca interna arises from the a. iliaca communis. In 60% of cases it 
divides anterior to the m. piriformis (see D) into an anterior and poste¬ 
rior trunk. The anterior trunk gives offvisceral branches and also parietal 
branches to the pelvic wall, while the posterior trunk gives off branches 



only to the pelvic wall. The sequence of the branches is shown in C. 

Note the relationship of the a. iliaca interior and its branches to the 
plexus sacralis. Several branches of the a. iliaca interna “disappear” be- 
hind this nerve plexus. 



B Course and branches of the right arteria pudenda interna on the 
pelvic floor 

The a. pudenda interna is only partially visible in A. This diagram illus- 
trates its further course. 


a Course of the artery in the male (same perspective as in A); 
b Course of the artery in the female. The course of the a. pudenda in¬ 
terna is analogous to its course in the male pelvis. An inferior view is 
shown to supplement the lateral view in a, and because this view is 
important in surgical procedures on the female diaphragma pelvis. 
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C Sequence of branches of the arteria 
iliaca interna 

Each a. iliaca interna supplies the walls and or¬ 
gans of the pelvis with five parietal branches 
and five or six visceral branches (-> = “gives 
off”). 


Parietal branches (pelvic walls) 

A. iliolumbalis 

to the lateral pelvic 
wall 

-> R. lumbalis 
-* R. spinalis 
-> R. iliacus 

Aa. sacrales 

laterales 

to the posterior pel¬ 
vic wall 

-> Rr. spinales 

A. obturatoria 

to the medial thigh 
and lateral pelvic 
wall 

-> R. pubicus 
-> R. acetabularis 

-> R. anterior 
-> R. posterior 

A. glutea superior 

to the gluteal 
region 

R. superficialis 
-> R. profundus 

A. glutea inferior 

to the gluteal 
region 

-> A. comitans nervi 

ischiadici 


Visceral branches (pelvic organs) 

A. umbilicalis 

pars patens gives off 

-* A. ductus deferentis 

-> Aa. vesicales superiores (to the vesica urinaria) 

A. vesicalis inferior 

to the fundus vesicae urinariae 

-> Rr. prostatici 

A. uterina 

to the uterus, tubae uterinae, 
vagina, and ovaria 

-> Rr. helicini 
-> Rr. vaginales 
-> R. ovaricus 

-> R. tubarius 

A. vaginalis 

May arise as a separate branch from the a. iliaca interna (as noted here) or, more commonly, from 
the a. vesicalis inferior or a. uterina (“vaginal azygos artery”) 

A. rectalis media 

to the ampulla recti and 
m. levator ani 

-> Rr. vaginales (f) 

-> Rr. prostatici (m) 

A. pudenda interna 

(included with the visceral branches 
because it gives off the a. rectalis inferior) 

A. rectalis inferior (to the terminal rectum, etc.) 

A. perinealis 

-> Rr. scrotales posteriores (m), 
rr. labiales posteriores (f) 

-> A. urethralis 

-> A. bulbi vestibuli (f), a. bulbi penis (m) 

A. dorsalis clitoridis (f), a. dorsalis penis (m) 

A. profunda clitoridis (f), a. profunda penis (m) 

-> Aa. perforantes penis 


D Arterial pathways in the pelvic wall 

Medial view of right hemipelvis showing the 
pelvic apertures that transmit the arteries and 
corresponding veins. There are a total of six 
pathways, whose landmarks are the m. piri¬ 
formis, lig. sacrospinale, lig. sacrotuberale, 
lig. inguinale, and membrana obturatoria (see 
also E). 


Lacuna musculorum 

Lig. inguinale 
Lacuna vasorum 
Arcus iliopectineus 
Canalis obturatorius 
Membrana obturatoria 



Foramen ischiadicum 
majus, pars supra- 
piriformis 

M. piriformis 

Foramen ischiadicum 
majus, pars infra- 
piriformis 

Lig. sacrospinale 


Lig. sacrotuberale 
Canalis pudendalis 


E Neurovascular tracts on the pelvic wall 

There are six major neurovascular tracts on the pelvic walls, four of which (*) contain branches from the a. iliaca interna. 


Tract 

Neurovascular structures transmitted 

Posterior 

© Foramen ischiadicum majus, suprapiriform part* 

(above the piriformis) 

A. and v. glutea superior, n. gluteus superior 

© Foramen ischiadicum minus, infrapiriform part* 

(below the piriformis) 

A. and v. glutea inferior, n. gluteus inferior, n. ischiadicus, a. and v. pudenda interna, n. 
pudendus, n. cutaneus femoris posterior 

On pelvic floor 

© Canalis pudendalis* 

A. and v. pudenda interna, n. pudendus 

Lateral 

® Canalis obturatorius* 

A. and v. obturatoria, n. obturatorius 

Anterior 

© Lacuna musculorum 

(posterior to lig. inguinale, lateral to arcus iliopectineus) 

N. femoralis, n. cutaneus femoris lateralis 

© Lacuna vasorum 

(posterior to lig. inguinale, medial to arcus iliopectineus) 

A. and v. femoralis, lymphatic vessels (the a. femoralis is a branch of the a. iliaca ex¬ 
terna), r. femoralis of n. genitofemoralis 
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20.15 Vascularization of the Male Pelvic Organs 



Aorta abdominalis 


A. mesenterica 
inferior 


A. umbilicalis 
Ureter dexter 


A. and v. obturatoria, 
n. obturatorius 

A. and v. iliaca 
externa dextra 

A. and v. vesicalis 
superior dextra 

Ductus deferens 
dexter with 
a. ductus deferentis 

Ureter sinister 

A. and v. vesicalis 
superior sinistra 

A. dorsalis penis, 
v. dorsalis 
profunda penis 

Prostata 

Funiculus 

spermaticus 

Plexus 

pampiniformis 



A. sacralis mediana 


A. iliaca 
interna dextra 

V. iliaca interna 

A. iliolumbalis 

V. glutea inferior 


A. and v. glutea 
superior 

A. and v. rectalis 
superior (from/to 
a. and v. mesenterica 
inferior) 

A. and v. vesicalis 
inferior dextra 

A. and v. rectalis 
media dextra 

Seminal vesicle 

A. and v. rectalis 
media sinistra (cut) 


A. and v. vesicalis 
inferior sinistra 

A. and v. rectalis 
inferior sinistra 


A. and v. pudenda interna 

Rr. scrotales posteriores/ 
v. scrotalis posterior 


A Arterial supply and venous drainage of the pelvic organs in the 
male (overview) 

Right hemipelvis (compiled from multiple sagittal sections) viewed 
from the left side, idealized. The pelvic organs derive their arterial sup¬ 
ply from the visceral branches of the a. iliaca interna. Their venous 
drainage is by corresponding veins (often running parallel to the ar- 
teries), which drain to the v. iliaca interna. The veins, unlike the arter- 
ies, are frequently multiple on each side of the pelvis and are often ex- 


panded near the organs to form large plexuses. The main differences in 
the arterial supply and venous drainage of the pelvic organs in the male 
and female are based on the copious blood supply to the uterus and va¬ 
gina in the female: The uterus and vagina are supplied by their own ma¬ 
jor vessels. In the male, however, the accessory sex glands are supplied 
by smaller branches arising from the vessels of nearby organs (vesica 
urinaria, rectum). 
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B Sequence of branches of the right arteria 
iliaca interna and their projection onto 
the male pelvis 



C Venous drainage of the vesica urinaria 
and male genitalia 

Large venous plexuses around the vesica uri¬ 
naria (plexus venosus vesicalis) and prostata 
(plexus venosus prostaticus) drain through 
the vv. vesicales to the v. iliaca interna. An 
anastomotic connection between the plexus 


venosus prostaticus and plexus venosus ver¬ 
tebralis (not shown here, aids venous drain¬ 
age of the columna vertebralis and canalis 
spinalis) creates a route by which tumor cells 
from a prostatic carcinoma may metastasize 
to the spine (which may first come to clinical 
attention as back pain). 



A. vesicalis 
inferior 

Rr. prostatici 


D Arterial supply of the prostata 

Coronal section, anterior view. Most rr. pros¬ 
tatici arise from the a. vesicalis inferior, and a 
smaller number arise from the a. rectalis me¬ 
dia (not shown here). The rr. prostatici ramify 
into a great many branchlets outside the cap¬ 
sula prostatica. 


V. renalis sinistra 



E Asymmetric venous drainage of the right 
and left testes 

Venous blood from the testis and epididy¬ 
mis flows into the vv. testiculares in the area 
of the mediastinum testis. Especially distally, 
these veins form an elongated venous net- 
work called the plexus pampiniformis. The 
plexus surrounds branches of the a. testicularis 
and runs with it through the canalis inguina¬ 
lis into the retroperitoneum where the v. tes¬ 
ticularis dextra opens into the v. cava inferior 
and the v. testicularis sinistra empties into the 
left v. renalis. The asymmetric venous drain¬ 
age is of clinical significance: The v. testicularis 
sinistra opens into the left v. renalis at a right 
angle. This creates a physiological constriction 
that can obstruet outflow from the v. testicu¬ 
laris sinistra, which can resuit in enlargements 
called varicoceles (see p. 335) of the v. testicu¬ 
laris sinistra and thus of the plexus pampinifor¬ 
mis. As a resuit, the plexus pampiniformis can 
no longer perform its “thermostat” function 
(cooling of blood to the testis in the a. testic¬ 
ularis) leading to hyperthermia, which affects 
the fertility of the left testis. 
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20.16 Vascularization of the Female Pelvic Organs 


i 


Aorta abdominalis 

A. mesenterica 
inferior 

A. iliaca 
communis dextra 


A. and v. ovarica dextra 
(in lig. suspensorium ovarii) 


A. umbilicalis dextra 
Ureter dexter 


A. vesicalis 
superior dextra 

Ovarium dextrum 

Tuba uterina dextra 

A. and v. 
obturatoria dextra 

A. and v. iliaca 
externa dextra 


Lig. teres uteri 
dextrum 

A. vesicalis superior 
sinistra/ v. vesicalis 


Ureter sinister 

A. vesicalis inferior 
sinistra/ v. vesicalis 


A. sacralis media 

A. iliaca interna dextra 

A. iliolumbalis dextra 

V. iliaca interna dextra 
A. and v. uterina dextra 


A. vesicalis inferior 
dextra/ v. vesicalis 



A. and v. rectalis 
superior 


A. vaginalis dextra 

A. and v. rectalis 
media dextra 

Plexus venosus 
uterinus 

A. and v. uterina 
sinistra 

Plexus venosus 
vaginalis 

A. and v. rectalis 
media sinistra 

A. and v. rectalis 
inferior sinistra 

- A. and v. pudenda 
interna sinistra 


Wall 


A Arterial supply and venous drainage of the pelvic organs in the 
female (overview) 

Female pelvic organs viewed from the left side. 

Arterial supply: The uterus is supplied by the a. uterina, which gives off 
a r. tubarius and a r. ovaricus. The vesica urinaria receives its blood sup¬ 
ply from the aa. vesicales superiores and a. vesicalis inferior. The rectum 
receives supply from the a. rectalis media, a branch of the a. iliaca in¬ 
terna, and from the a. rectalis inferior, which arises from the a. pudenda 
interna. The a. pudenda interna also supplies the diaphragma pelvis and 
the external female genital organs. A characteristic of the ovarium is 
that it has two sources of blood supply: because the ovaria descend dur- 
ing embryonic development, they drag their vascular structures (a. and 
v. ovarica) with them from the upper abdomen into the pelvic region 
(there the a. ovarica gives off a r. tubae to the tuba uterina) where the 
a. ovarica anastomoses with the a. uterina. The a. uterina runs in the lig. 


latum uteri to the uterus where it crosses the ureter (see p. 343). The a. 
uterina reaches the uterus at the junction of the corpus and cervix uteri. 
There it often gives off a r. vaginalis and from this point ascends in a tor- 
turous manner to the uteri. This torturous course enables the a. uterina 
to elongate during pregnancy when the uterus enlarges. 

Venous drainage: The uterus is drained by the plexus venosus uteri¬ 
nus into the v. uterina, which runs a course analogous to the artery. The 
v. uterina empties into the v. iliaca interna. The v. ovarica dextra car- 
ries blood from its corresponding ovarium directly to the v. cava inferior 
while the v. ovarica sinistra drains into the left v. renalis before reaching 
the v. cava inferior. The vesica urinaria drains through the vv. vesicales. 
Parts of the rectum that are supplied by branches of the a. iliaca interna 
drain through same-named veins into the v. illiaca. 
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Aorta abdominalis 


A. iliaca 
communis dextra 

A. iliaca 
interna dextra 

A. umbilicalis, 
pars patens 

A. obturatoria 

A. iliaca 
externa dextra 

A. vesicalis 
superior 


A. vesicalis 
inferior 



A. iliolumbalis 
A. glutea superior 
A. sacralis lateralis 
A. uterina 
A. pudenda interna 

A. glutea inferior 

A. vaginalis (here 
arising separately 
from a. iliaca 
interna) 

A. rectalis media 

R. vaginalis of 
a. uterina 


B Sequence of branches of the arteria 
iliaca interna in the female pelvis 

Left lateral view. The vessels to the uterus 
and vagina mark the principal difference from 
the vasculature of the male pelvis (see also 
B, p.339). The uterus receives a large vessel, 
the a. uterina, which usually arises separately 
from the a. iliaca interna (the analogous ves¬ 
sel in the male, the a. ductus deferentis, usu¬ 
ally branches from the a. umbilicalis). The a. 
uterina may also arise from the a. rectalis me¬ 
dia, which is larger in those cases. The arterial 
supply to the vagina is also subject to varia- 
tion. The vagina may be supplied by a separate 
a. vaginalis branching from the a. iliaca interna 
or by a r. vaginalis arising from either the a. 
uterina orthe a. vesicalis inferior. 


V. iliaca 
interna dextra 

Vv. uterinae 

Vv. obturatoriae 

V. iliaca externa 
dextra 


Vv. vesicales 


Plexus venosus 
vesicalis 



V. cava inferior 


V. glutea superior 

V. glutea superior 

Vv. gluteae 
inferiores 

V. pudenda 
interna 

Vv. rectales 
mediae (from 
plexus venosus 
rectalis) 

Plexus venosus 
uterinus and plexus 
venosus vaginalis 


C Venous drainage of the organs of the 
female pelvis 

Left lateral view showing the right v. iliaca in¬ 
terna. The female pelvic organs are generally 
drained by four plexuses (see also Ac, p. 342): 

• Plexus venosus vesicalis (vv. vesicales) 

• Plexus venosus vaginalis (vaginal veins) 

• Plexus venosus uterinus (vv. uterinae) 

• Plexus venosus rectalis (vv. rectales me¬ 
diae). 

The vv. rectales mediae and inferiores drain 
to the v. iliaca interna. The v. rectalis superior 
drains into the v. mesenterica inferior. (The vv. 
rectales superior and inferiores are not shown 
here.) 



A. iliaca 
externa sinistra 

A. iliaca 
interna sinistra 

A. glutea superior 

M. piriformis 

A. glutea inferior 

- M. coccygeus 

A. rectalis media 

A. pudenda interna 

A. vesicalis inferior 

A. rectalis inferior 


Aorta 

abdominalis 


A. iliaca 


A. ili 
interna 


Ureter 

sinister 


A. obturatoria 


A. umbilicalis 


A. uterina A. vaginalis 


D Arterial supply of the uterus, vagina, and 
vesica urinaria 

View into the pelvis from the left side. The lig. 
latum uteri has been cut open to display the 
branches of the left a. iliaca interna. 

Note: The serpentine course of the a. uterina 
along the corpus uteri is particularly well dem- 
onstrated in this lateral view (see also A). The 
origins of the a. uterina and a. vaginalis are 
subject to considerable variation. 


341 







































Abdomen and Pelvis 


20. Organs of the Cenital System and their Neurovasculature 


20.17 Vascularization of the Female Internal Genitalia 
and Vesica Urinaria 


Aorta 

abdominalis 

V. cava inferior 

A. iliaca communis 
sinistra 

A. and v. sacralis 
mediana 

Rectum 

Tuba uterina 

Uterus, fundus 

A. rectalis media 

Lig. teres uteri 

Lig. latum uteri 

Mesometrium 
Vesica urinaria 



Ureter sinister 

A. and v. ovarica 
sinistra 

A. mesenterica inferior 

A. iliaca interna 
sinistra 


A. iliaca externa 
sinistra 

A. uterina, 
r. tubarius 

Ovarium 


A. umbilicalis, 
pars patens 

A. and v. 
obturatoria 

A. and v. uterina 


A. vaginalis 

A. vesicalis 
superior/ 
v. vesicalis 

A. umbilicalis, 
pars occlusa 


A Vascularization of the female internal genital organs 

a OverView; all of the peritoneum has been removed on the left side 
and most has been removed on the right side; the uterus has been 
straightened and tilted to the right; b Arterial supply; c Venous drain- 
age. 

The female internal genital organs are supplied by two large arteries or 
their branches: 

• Ovarium: receives its arterial supply from two sources: predomi- 
nantly from the a. ovarica as well as from the r. ovaricus of the a. 
uterina (see ovarian arcade below); 

• Uterus: from the a. uterina, 

• Tuba uterina: from one branch each of the aa. ovarica and uterina. 

The two large arteries arise from different trunks: the a. ovarica usually 
originates from the aorta abdominalis (for variants see C), the a. uterina 
from the a. iliaca interna (visceral branch). 

Note the ovarian arcade (see b), which needs to be noted during sur- 
gery: It is formed by the a. ovarica and the r. ovaricus of the a. uterina. 

The female genital organs are drained by two large veins or venous 
plexuses: 

• Uterus: by the plexus venosus uterinus and partially by the plexus ve¬ 
nosus vaginalis that empty into the v. iliaca interna 

• Ovaria: on the right side by the v. ovarica dextra directly into the v. 
cava interna, and on the left side into the left v. renalis before reach- 
ing the v. cava inferior; by the plexus venosus ovaricus: venous anas¬ 
tomosis between v. ovarica and v. uterina (plexus drains into both 
veins) 

Arteries and veins run within the peritoneum: the a. and v. ovarica in the 
lig. suspensorium ovarii, and the a. and v. uterina in the lig. latum uteri. 


R. ovaricus A. ovarica sinistra 




342 

































Abdomen and Pelvis 


20. Organs of the Cenital System and their Neurovasculature 


Os pubis 


Symphysis 

pubica 


Lig. umbilicale 
medianum 



Plica 

rectouterina 


Excavatio 

rectouterina 


Rectum 


A. rectalis 
media 


A. iliaca 
communis 


B Relationship of the arteria uterina and ureter 

a superior view looking into the pelvis, most of the peritoneum has 
been removed on the right side, the intestinum crassum has been de- 
tached so that only a rectal stump is visible; b left lateral view of left a. 
uterina and left ureter. 

The a. uterina runs in the lig. latum uteri (in a removed on the right side 
and left in situ on the left side for clarity) to the uterus. There the ureter 
crosses inferior to the a. uterina (the ureter is thus susceptible to injury 
during operations on the uterus). 



Rectum 

Ureter 

sinister 

A. uterina 
sinistra 


Aorta 

abdominalis 



A. renalis 
sinistra 


A. ovarica/ A. ovarica/ 

testicularis testicularis 

dextra sinistra 


b 








C Variants in the origin of the aa. ovaricae and testiculares 

(after Lippert and Pabst) 

a Typical case: The aa. ovaricae or testiculares arise from the aorta ab¬ 
dominalis (approximately 70% of cases), 
b Accessory vessels are present (approximately 1 5 %). 
c The arteries arise from the a. renalis (approximately 15 %). 
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20.18 Lymphatic Drainage of the Male and Female Genitalia 


NI. lumbalis 
dexter 

Nll. lumbales 
intermedii 

Aorta 

abdominalis 

Nll. promontorii 


A. iliaca 
externa 


Nll. inguinales 
superficiales, 
tractus horizontalis 

Nll. inguinales 
profundi 


Epididymis 

Testis 



NI. lumbalis 
sinister 

Nll. preaortici 

Nll. iliaci 
communes 


NI. sacralis 

Nll. iliaci 
externi 


Rectum 


Vesica urinaria 


Nll. inguinales 
superficiales, 
tractus verticalis 


Penis 


Scrotum 


A Nodi lymphoidei and vasa lymphatica of the male internal and 
external genitalia 

Anterior view. AII portions of the gastrointestinal tract have been re- 
moved except for a rectal stump. The peritoneum has been removed, 
and the vesica urinaria has been pulled slightly to the left. The external 
genitalia consist of the penis and scrotum, while the testis and epididy¬ 
mis (despite their location) are included with the internal genitalia be- 
cause of their embryonic origin, along with the prostata and gll. vesicu¬ 
losae. (The lymphatic drainage of the prostata, testis, and epididymis is 
described in B.) 


Note: The nll. lumbales that drain the testis and epididymis are located 
farther from these organs than most “visceral lymph nodes.” As with 
the ovarium, this results in a long drainage pathway from the testis 
and epididymis to the nll. lumbales. Metastases from a testicular ma- 
lignancy are most frequently encountered in the nll. lumbales. The ex¬ 
ternal genitalia are drained by the nll. inguinales superficiales and pro¬ 
fundi. The vasa lymphatica on the dorsum of the penis are connected by 
anastomoses that allow for bilateral lymphatic drainage. Because of this 
bilateral arrangement, a malignant tumor on the right side of the penis 
may metastasize to the right and left nll. inguinales. 


B Lymphatic drainage of the testis, epididymis, and 
accessory sex glands 

AII lymph from the male genitalia is ultimately channeled by various 
groups of nll. parietales to nodi lumbales distributed around the aorta 
abdominalis and v. cava inferior (see pp. 213 and 215). The following 
specific drainage pathways are available: 

Testis and epididymis: long, direct drainage pathway along the testicu¬ 
lar vessels to the right and left nll. lumbales 
Ductus deferens: to the nll. iliaci (the external more than the 
internal) 

Gl. vesiculosa: nll. iliaci interni and externi (same pathway 
as the ductus deferens) 

Prostata (multiple pathways): nll. iliaci externi; along the vesicular ves¬ 
sels to the nll. iliaci interni; nll. sacrales (and on to the nll. lumbales). 



Nll. sacrales 
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Nll. lumbalis 
intermedii 


Vesica urinaria 

Nll. inguinales 
profundi 



Nll. preaortici 


Nll. sacrales 
. iliaci interni 
. iliaci externi 


Nll. obturatorii 

Nll. inguinales 
superficiales, 
tractus horizontalis 

Nll. inguinales 
superficiales, 
tractus verticalis 


C Lymph nodes and lymphatic pathways of the female internal 
and external genitalia 

Anterior view. The uterus is retracted to the right. The lig. latum uteri 
(see p. 314) has been removed on the left side and partially opened on 
the right side to display the numerous lymphatic vessels that traverse 
the ligament. For clarity, the drawing shows only isolated nodi lymphoi¬ 
dei within certain groups of nodes. Lymph from the internal genitalia in 
the female pelvis drains principally to the nll. iliaci and lumbales, while 
lymph from the external genitalia drains mainly to the nll. inguinales. The 



nll. inguinales are divided by clinical criteria into a horizontal tract and 
vertical tract. It is believed that the external genitalia are drained mainly 
by the vertical tract. 

Note: The ovarium, though located in the pelvis, drains to the nll. lum¬ 
bales. A large portion of the vasa lymphatica of the uterus course within 
the lig. latum uteri. Consequently the lymphogenous spread of malig¬ 
nant uterine tumors takes place along that ligament, proceeding later- 
ally toward the pelvic wall. 


D Lymphatic drainage of the female genitalia 

AII of the genitalia are drained by various groups of nll. parietales, which 
ultimately drain to nll. lumbales distributed around the aorta abdomi¬ 
nalis and v. cava inferior (see pp. 213 and 215). 

External genitalia (and lowest portions of the vagina): nll. inguinales 
superficiales and profundi, plus an accessory route (not shown) directly 
to the nll. iliaci 

Internal genitalia: 

• Ovarium, fundus uteri, and (mainly distal) portions of the tuba 
uterina: long drainage pathway to the nll. lumbales around the aorta 
abdominalis and v. cava inferior 

• Fundus and corpus uteri and (mainly proximal) portions of the tuba 
uterina: nll. sacrales, nll. iliaci interni and externi 

• Uterus (cervix) and middle and upper portions of vagina: nll. inguina¬ 
les profundi 

Note: Small nll. viscerales for the uterus and vagina (nodi parauterini and 
paravaginales, not shown here) are embedded in regional pelvic con¬ 
nective tissue close to the organs they serve. 
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20.19 Autonomic Innervation of the Male Genitalia 



Plexus iliacus 

N. obturatorius 

Plexus 

deferentialis 

Gl. vesiculosa 
Plexus vesicalis 

Prostata 

Nn. cavernosi 
penis 


N. dorsalis 
penis 


Truncus sympathicus, 
ganglia lumbalia 

Nn. lumbales, 
rr. anteriores 

Vertebra LV 


Truncus 

lumbosacralis 


N. hypogastricus 
sinister 


Plexus 

prostaticus 


Nn. scrotales 
posteriores 


Plexus 

intermesentericus 

Nn. splanchnici 
lumbales 

Plexus mesentericus 
inferior 

Rr. communicantes 


Plexus uretericus 


Nn. splanchnici 
pelvici 


Plexus rectalis 
medius 


N.pudendus 


Plexus rectalis 
inferior 


Nn. rectalis 
inferiores 


Plexus hypo¬ 
gastricus superior 


N. hypogastricus 
dexter 


A OverView of the autonomic innervation of the male genitalia 

Opened male pelvis viewed from the left side. This drawing is a com¬ 
posite from many planes of section to show the three-dimensional rela- 
tionships more clearly. The sympothetic fibers that supply the testis and 
epididymis form the nn. splanchnici minor, imus, and lumbales. Those 
that supply the accessory sex glands (prostata, gl. vesiculosa, and gll. 
bulbourethrales), penis, and ductus deferens arise from the nn. splanch¬ 
nici lumbales and sacrales. The parosympothetic supply to the male gen¬ 


italia is much more modest than the sympathetic supply; it arises pre- 
dominantly from the nn. splanchnici pelvici (see B). Sympathetic and 
parasympathetic fibers join to form the plexus hypogastricus inferior, 
which also receives the nn. hypogastrici (arise from the division of the 
plexus hypogastricus superior). The paired plexus hypogastrici inferi¬ 
ores, which give origin to the plexuses that supply the urinary organs 
(see p. 217), then divide into multiple plexuses that innervate the geni- 
tal organs (see C). 
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Plexus Epididymis, 

testicularis testis 


B Details of the autonomic innervation of the male genitalia 

• The accessory sex glands (prostata, gl. vesiculosa, and gll. bul¬ 
bourethralis) receive their autonomic innervation from the plexus 
prostaticus, which branches from the plexus hypogastricus inferior 
(also believed to carry pain fibers). 

• The penis also receives its autonomic innervation from branches of 
the plexus prostaticus and from the nn. cavernosi penis (see A). In 
both cases the synapse with the postsynaptic neuron occurs in the 
ganglion cells of the plexus hypogastricus inferior. 

• The ductus deferens is supplied mainly by the plexus deferentialis, 
which also branches from the plexus hypogastricus inferior and to a 
lesser degree from the plexus testicularis that runs along the a. tes¬ 
ticularis. 

• The testis, because of its developmental descent, receives most of 
its autonomic innervation from the plexus testicularis (sympathetic 
fibers along the a. testicularis, which synapse in the ganglia renalia). 
The plexus testicularis also gives off fibers to the epididymis. Both or¬ 
gans receive a smaller amount of autonomic innervation from the 
plexus hypogastricus inferior (not included in C). 


C Autonomic innervation of the male genitalia 


First neuron 

Peripheral course 
(sympathetic and 
parasympathetic) Target organ 

EfFect 

Sympathetic: 

T10-T12 

Via ganglia renalia to • Testis 

• Vasocon- 

(nn. splanch¬ 
nici minor and 
imus) 

plexus testicularis • Epididymis 

striction 

L1-L2 

(nn. splanch¬ 

Via plexus hypogas¬ 


nici lumbales 

tricus superior and 


and sacrales) 

plexus hypogastri¬ 
cus inferior to plexus 



prostaticus and to • Prostata 

• Stimulate 


• Gll. bulboure¬ 
thrales and 

vesiculosa 

• Penis (partly) 

secretions 


• Ductus 

• Ejaculation 


Plexus deferentialis deferens 

• Contraction 

Parasympathetic: 


S2-S4 

Via plexus hypogas- • Penis, erectile 

• Erection 

(nn. splanch¬ 

tricus inferior to tissues 


nici pelvici) 

plexus prostaticus, 
continuing to the 
nn. cavernosi penis 




D Referred pain from the male gonadae 

The pain associated with diseases of the testis (e.g., inflammation) may 
be referred to this skin area. Gonadal pain, like intestinal pain, is not per- 
ceived at the anatomical location of the organ. 
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20.20 Autonomic Innervation of the Female Genitalia 
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Truncus sympathicus, 
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sinister 
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Plexus ovaricus 

N. obturatorius 

Plexus 
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Plexus vesicalis 

Plexus utero¬ 
vaginalis dexter 



Truncus 

lumbosacralis 

Plexus sacralis 
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pelvici 


N.pudendus 

Plexus rectalis 
medius dexter 


A OverView of the autonomic innervation of the female genitalia 

An opened female pelvis viewed from the left side, with the rectum and 
uterus reflected. This drawing is a composite from multiple planes of 
section to show the three-dimensional relationships more clearly. The 
sympathetic fibers for the uterus, tubae uterinae, and ovaria arise pre- 
dominantly from the nn. splanchnici minor, imus, and lumbales. The 
parosympothetic fibers arise from the nn. splanchnici pelvici. 

Note: The fibers that are distributed to the ovarium synapse mainly in 
the ganglia renalia because as the ovarium undergoes its developmen- 
tal descent, it carries its autonomic supply from the abdomen with it. 
The fibers then continue on to the plexus ovaricus, which also receives 
fibers from the plexus mesentericus superior. This is analogous to the 
innervation of the testis via the ganglia renalia and the plexus mesen¬ 
terici superior and inferior and testicularis in the male. 


B Referred pain from the female gonadae 

The pain associated with ovarian diseases (e.g., inflammation) may pro- 
ject to these skin areas and may not be perceived within the organ itself. 
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Abdomen and Pelvis 


20. Organs of the Cenital System and their Neurovasculature 



C Autonomic innervation of the female genitalia 

Because of the developmental descent of the ovarium, its nerve supply 
extends a considerable distance along the a. ovarica in the lig. suspen¬ 
sorium ovarii (the plexus ovaricus, which arises from the plexus aorticus 
abdominalis via the ganglia renalia — analogous to the innervation of 
the testis via the plexus testicularis). 

The uterus, tuba uterina, and vagina receive their autonomic innerva¬ 
tion from the plexus hypogastricus inferior. The sympathetic portion is 
derived from the nn. splanchnici minor, imus, and lumbales, which syn¬ 
apse partly in the ganglia mesenterica and partly in the ganglion cells of 
the plexus hypogastricus inferior. The parasympathetic fibers are derived 
from the nn. splanchnici pelvici (S2-S4), which synapse in the plexus hy¬ 
pogastricus inferior or in/on the organ wall. Branches from the plexus 
hypogastricus inferior form the prominent plexus uterovaginalis (of 
Frankenhauser) located on both sides of the uterus. The ovarium may 
receive additional autonomic innervation along the tuba uterina from 
the plexus hypogastricus inferior. 


D Autonomic innervation of the female genitalia 



Peripheral course 
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Target 


First neuron 

parasympathetic) 

organ 

Effect 

Sympathetic: 
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Via ganglia renalia 
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Via plexus hypogas¬ 
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• Tuba 

> (in uterus, de- 
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hypogastrici, and 

uterina 


plexus hypogastri¬ 
cus inferior to plexus 

• Vagina 

mone status) 


uterovaginalis 

• Vagina 

• Vasoconstric- 




tion 

Parasympathetic: 



S2-S4 

Plexus hypogastri¬ 

• Uterus, 

• Vasodilation 

(nn. splanch¬ 

cus inferior to plexus 

tuba 


nici pelvici) 

uterovaginalis, con- 

uterina 



tinuing to nn. caver¬ 

• Vagina 

• Transudation 


nosi clitoridis 

• Clitoris 

• Erection 


Plexus aorticus Plexus mesen- 



E OverView of the autonomic plexuses in the female pelvis 

Anterior view. 

Note the division of the of the plexus hypogastricus superior into two 
nn. hypogastrici, which are continuous with both plexus hypogastrici infe¬ 
riores. The latter then give off individual visceral plexuses to the rectum, 
uterus, vagina, and vesica urinaria (see A). 

The ovarium is supplied chiefly by the plexus ovaricus, which runs along 
the a. ovarica in the lig. suspensorium ovarii. Thus, the autonomic sup¬ 
ply of the female pelvis corresponds to that in the male, although the 
plexuses in the female pelvis are more strongly developed due to the 
very rich nerve supply of the uterus. 
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Abdomen and Pelvis 


21. Topographical Anatomy 


21.1 Surface Anatomy, Topographic Regions, 
and Palpable Bony Landmarks 
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Spina iliaca 
anterior 
superior 
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A Surface anatomy of the female 

a Anterior view; b Posterior view. 
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triangle 


B Surface anatomy of the male 

a Anterior view; b Posterior view. 
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C Thoracic and abdominal regions 

Anterior view. 


D Back and gluteal regions 

Posterior view. 


Costae 
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E Body surface contours and palpable bony landmarks 
of the trunk 

a Anterior view; b Posterior view. 


351 






























Abdomen and Pelvis 


21. Topographical Anatomy 


21.2 Location of the Abdominal and Pelvic Organs 
and their Projection onto the Trunk Wall 



Regio epigastrica 


Regio hypo¬ 
chondriaca dextra 

Regio abdominalis 
lateralis dextra 

Regio inguinalis 
dextra 

Regio pubica 



Regio 

umbilicalis 

Regio hypo¬ 
chondriaca sinistra 

Regio abdominalis 
lateralis sinistra 

Regio inguinalis 
sinistra 

Regio 

urogenitalis 



Umbilicus 
Vertebra LV 


A Regions of the anterior trunk wall 

Three levels can be identified on the abdominal wall from above down- 
ward: the epigastrium, mesogastrium, and hypogastrium. Each level 
consists of three regions: 

• The median region of the epigastrium is the regio epigastrica. It is 
flanked laterally by the right and left regiones hypochondriacae. 

• The median region of the mesogastrium is the regio umbilicalis, which 
is bounded laterally by the right and left regiones abdominales late¬ 
rales. 

• The median region of the hypogastrium is the regio pubica, which is 
flanked by the right and left regiones inguinales. The regio pubica is 
bounded inferiorly by the regiones urogenitales. 

The levels of the abdomen are defined by horizontal planes that are de- 
termined by palpable bony landmarks (see C). 


C Horizontal (transverse) planes in the anterior trunk wall 

The anterior trunk wall is divided transversely by the following imagi- 

nary planes of section: 

• Planum xiphosternale: passes through the synchondrosis between 
the processus xiphoideus and corpus sterni. 

• Planum transpyloricum: plane midway between the incisura jugula¬ 
ris of the sternum and the superior border of the symphysis pubica. 
Located at the level of the L1 vertebra, it divides the anterior trunk 
wall into upper and lower halves. The pylorus of the gaster is gener- 
ally located slightly below this plane. 

• Planum subcostale: passes through the lowest points ofthe arcus cos¬ 
talis of the tenth rib at the level ofthe corpus vertebrae L2. It marks 
the boundary between the epigastrium and mesogastrium (see A). 

• Planum supracristale: usually passes through the corpus vertebrae 
L4, connecting the highest points on the cristae iliacae. 

• Planum intertuberculare: connects the tubercula iliaca and passes 
through the corpus vertebrae L5. The planum intertuberculare 
marks the boundary between the mesogastrium and hypogastrium. 

• Planum interspinale: connects the two spinae iliacae anteriores supe¬ 
riores. 


B Quadrants of the anterior trunk wall 

The quadrants ofthe anterior trunk wall are centered on the umbilicus, 
which lies at the level ofthe corpora vertebrarum L3-4 and are named 
right and left upper and lower quadrant (RUQ, LUQ, RLQ, LLQ). 



Planum 

transpyloricum 


Planum 

supracristale 

Planum 

interspinale 


Note: The three upper planes are variable in their location, which de- 
pends on the position and shape ofthe cavea thoracis. The key variables 
are respiratory position, age, sex, and constitutional type. 
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Hepar 
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Duodenum 

Colon 
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appendix 
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Splen 


Pancreas 
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sinistra 

Colon 

transversum 
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descendens 
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Colon 

sigmoideum 



a 
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D Projectiori of the abdominal and pelvic organs onto the 
trunk wall 

a Anterior trunk wall; b Posterior trunk wall. 

The surface projection of organs on the trunk wall depends on body 
posture, age, constitutional type, sex, nutritional state, and respiratory 
position. 

Note the overlap of the cavitates abdominis and thoracica: Perforating 
injuries of the cavitas abdominis that involve the hepar, for example, 
may also involve the cavitas pleuralis (“multicavity injury”). The projec- 
tions of individual organs are shown in E. 


E Projection of anatomical structures in the abdomen and pelvis 
onto the columna vertebralis 

The spinal notation refers to corpora vertebrarum. 


T 7 

Superior border of the hepar 

T 12 

Hiatus aorticus 

L 1 

• Planum transpyloricum (generally the pylorus is at 
or below this plane) 

• Fundus vesicae biliaris 

• Hilum renale 

• Pars superior duodeni 

• Collum pancreatis 

• Origin of the truncus coeliacus 

• Origin of the a. mesenterica superior 

• Attachment of the mesocolon transversum 

• Hilum splenicum 

L 1/2 

• Origin of the aa. renales 

L 2 

Flexura duodenojejunalis 

L 3 

Origin of the a. mesenterica inferior 

L 3/4 

Umbilicus 

L 4 

Bifurcatio aortae 

L 5 

Origin of the v. cava inferior from the vv. iliacae 


communes 

S 3 

Upper (cranial) border of the rectum 


Anterior 

subcostal 

incision 


Periumbilical 

midline 

laparotomy 



Upper midline 
laparotomy 
(gaster, pancreas) 


Pararectal incision 
(colon sigmoideum) 


McBurney 

incision 

(appendix 

vermiformis) 


% 



Lower midline 
laparotomy 


Inguinal incision Pfannenstiel incision 

(canalis inguinalis) (pelvic organs) 


F Placement of surgical skin incisions in the anterior 
abdominal wall 

Note: The periumbilical midline incision passes around the left side of 
the umbilicus to avoid cutting the remnant of the v. umbilicalis on the 
right side (the ligamentum teres hepatis, see p. 245). This v. umbilicalis 
remnant is generally but not always obliterated, and injury to the vessel, 
if it is stili patent, may cause significant bleeding. 

The McBurney incision is also called the gridiron incision because it 
changes direction in different planes of the trunk wall. The muscles of 
the trunk wall can be divided less traumatically by tailoring the direction 
of the cut to the prevailing fiber direction of the various muscle layers. 
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21. Topographical Anatomy 


21.3 Topography of the Opened Cavitas Peritonealis 
(Supracolic Part and Infracolic Part) 
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hepatis 

Lig. teres 
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dexter 
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Colon 

ascendens 
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Ileum 


M. rectus 
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Gaster 

Flexura coli 
sinistra 

Colon 

transversum 


Omentum majus 


Mm. obliqui 
externus and 
internus abdominis, 
m. transversus 
abdominis 


Plica umbilicalis lateralis 
(plica epigastrica with 
a. and v. epigastrica 
inferior) 


Plica umbilicalis medialis 
(with obliterated 
a. umbilicalis) 


Linea Plica umbilicalis mediana 

arcuata (with obliterated urachus) 


A The omentum majus in situ 

Anterior view. The layers of the abdominal wall have been opened and 
retracted to display the omentum majus in its normal anatomical posi- 
tion. The omentum majus is draped over the loops of intestinum tenue, 
which are visible only at the inferior border of the omentum. The omen¬ 
tum majus is an apron-like fold of peritoneum suspended from the cur¬ 
vatura major of the gaster and covering the anterior surface of the co¬ 
lon transversum. It develops from the embryonic mesogastrium dorsa¬ 
lis, which becomes greatly enlarged to form a peritoneal sac suspended 
from the curvatura major (see p. 361). The omentum majus is relatively 
mobile, and is subject to considerable variation. Not infrequently, ad- 


hesions form between the omentum majus and the peritoneal cover¬ 
ing of organs, especially as a resuit of local inflammation. While these 
adhesions help contain the spread of inflammation, they also limit the 
mobility of the organ to which the omentum is adherent. Peritoneal ad¬ 
hesions may undergo fibrotic changes over time, forming tough bands 
of scar tissue that may cause extrinsic narrowing and obstruction of or¬ 
gans such as the intestinum tenue. In many cases the omentum majus 
also assumes importance as a lymphoid organ through the secondary 
acquisition of nodi lymphoidei. The omentum minus is described on p. 
356. 
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Omentum majus Appendices 

(reflected superiorly) epiploicae 


Taenia Colon 

coli transversum 


Lig. teres 
hepatis 

Mesocolon 
transversum with 
a. and v. colica 
media 


Colon 

ascendens 


Taenia coli 


Ileum 


M. rectus 
abdominis 
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parietale 


Jejunum 
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Plica umbilicalis lateralis 
(plica epigastrica with 
a. and v. epigastrica 
inferior) 

Plica umbilicalis medialis 
(with obliterated 
a. umbilicalis) 


Plica umbilicalis mediana 
(with obliterated urachus) 


B Dissection with the omentum majus reflected superiorly and the 
intestinum tenue in situ 

Anterior view. The omentum majus has been reflected superiorly, carry- 
ing with it the colon transversum, to demonstrate how the intraperito- 
neal part of the intestinum tenue is framed by the colon segments. The 
mesocolon transversum divides the cavitas peritonealis into a supracolic 
part and an infracolic part (see B, p. 200). 

The large epithelial surface area of the peritoneum is important clini- 
cally: 

• With bacterial infection (caused by external trauma or the seepage of 
septic material from an inflamed appendix), pathogenic microorgan- 


isms can easily spread within the cavitas peritonealis, where bacterial 
toxins are readily absorbed and carried into the bloodstream. As a re¬ 
suit, bacterial peritonitis (inflammation of the peritoneum) generally 
constitutes a very serious and life-threatening condition. 

• Localized inflammations may resuit in peritoneal adhesions and scar 
tissue bands (see A). 

• The large surface area can be utilized for peritoneal dialysis in patients 
with renal failure: A dialysis solution instilled into the cavitas perito¬ 
nealis can absorb waste products from the blood through the perito¬ 
neum, allowing them to be removed from the body. 
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21. Topographical Anatomy 


21.4 Drainage Spaces and Recesses within the Cavitas Peritonealis 


Recessus 
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of colon descendens 
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sigmoideum (radix) 


A Drainage spaces and recesses within the cavitas peritonealis 

a Anterior view with the omentum majus and intestinum tenue re- 
moved; preferred metastatic sites (see blue stars); 
b Posterior wall of the cavitas peritonealis, anterior view. The mesen¬ 
terio roots and sites of organ attachment create partially bounded 


spaces (recesses or sulci). Peritoneal fluid released by the peritoneal 
epithelium (transudate) can flow freely within these spaces. 


Lig. hepato¬ 
duodenale 

Duodenum 


B Upper abdomen 

Anterior view of the upper abdo¬ 
men; the hepar has been lifted to 
better display the recessus subhe¬ 
paticus. The arrow points to the fo¬ 
ramen omentale, the opening into 
and out of the bursa omentalis be- 
hind the omentum minus. 
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Colon 
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tenue 


Recessus 
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C Recesses in the posterior wall of the 
cavitas peritonealis 

Anterior view of a male abdomen and pelvis. 
Because the peritoneum extends between or- 
gans, it forms recesses and sulci (see also A). 
In a sense, the bursa omentalis may be consid- 
ered the largest recess in the cavitas peritone¬ 
alis (see p. 360). 

Note: The individual recesses are located be¬ 
tween an organ and the wall of the cavitas 
peritonealis or between organs. Freely mobile 
loops of the intestinum tenue may become 
entrapped in these recesses (“internal hernia”) 
hindering the passage of the intestinal con- 
tents and potentially causing a life-threatening 
bowel obstruction (“mechanical ileus”). 
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21.5 OverView of the Mesenteria 
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A OverView of the mesenteria with the omentum majus reflected 
superiorly and the intestinum tenue removed 

Anterior view. The colon transversum and omentum majus have been 
reflected superiorly and the intraperitoneal intestinum tenue has been 
removed, leaving short stumps of jejunum and ileum. Three principal 
mesenteria are distinguishable in relation to the intestina tenue and 
crassum (the formation of the mesenteria is described on p. 32): 

• The mesenterium of the intestinum tenue (the mesenterium proper) 

• The mesocolon transversum 

• The mesocolon sigmoideum (called also the mesosigmoid) 

The origins of the mesenterium are shown in B. Smaller mesenterio are 
found on the appendix vermiformis (mesoappendix vermiformis ) and 
rarely the upper part of the rectum (mesorectum, see C). 
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transversum 
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Vertebra LIV 
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sigmoideum 


B Projectiori of the mesenteric roots onto the skeleton 
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C OverView of the mesenteria* with the omentum majus removed 

Anterior view. The mesenteria have been exposed by removing the gas¬ 
ter, jejunum, and ileum, leaving short stumps of intestinum tenue. The 
hepar has been reflected superiorly to display one part of the omentum 
minus: the lig. hepatoduodenale, which connects the hepar to the py¬ 
lorus and duodenum. The other part of the omentum minus, the lig. 
hepatogastricum (peritoneal fold between the hepar and curvatura mi¬ 
nor of the gaster), has been removed with the gaster, opening the ante¬ 
rior wall of the bursa omentalis. Most of the colon transversum and co¬ 
lon sigmoideum have been removed to display the roots of the mesoco¬ 
lon transversum and mesocolon sigmoideum. 

Note: The cola ascendens and descendens become attached to the pos¬ 
terior wall of the cavitas peritonealis during the fourth month of embry- 
onic development. The mesenteria of the cola ascendens and descen¬ 
dens become fused to the posterior wall of the cavitas peritonealis. The 


mesocolon transversum crosses over the duodenum, whose mesenteri- 
umalso fuses to the posterior wall of the mesocolon transversum during 
embryonic development (see p. 36). The mesocolon transversum nec- 
essarily passes overthis “retroperitoneal portion” of the duodenum be- 
cause of its attachment to the posterior wall of the cavitas peritonealis. 
Developmentally, almost all of the mesenteria are mesenteria dorsalia. 
Only upper abdominal organs like the gaster and hepar have mesente¬ 
ria ventralia. 

* “Mesenterium” in the broad sense refers to any of the peritoneal 
folds attached to the intestina tenue and crassum. “Mesenterium” in 
the striet sense refers specifically to the mesenterium of the jejunum 
and ileum, and consequently the terms “mesojejunum” and “mesoi- 
leum” are not used. 
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21.6 Topography of the Bursa Omentalis 
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A Shape and location of the bursa omentalis in sagittal section 

Left lateral view. The bursa omentalis is the largest potential space in 
the cavitas peritonealis. It is located behind the omentum minus and 
gaster. 

Note: As the gaster rotates during embryonic development, the bursa 
omentalis comes to lie posterior to the gaster. The pancreas, which 
migrates into the retroperitoneum secondarily, thus forms part of the 
posterior wall of the bursa, which provides a route for gaining surgi- 
cal access to that organ. As the gaster rotates in the clockwise direc- 
tion (viewed from the front), its curvatura minor points to the right and 
also superiorly, simultaneously displacing the hepar superiorly and to 
the right. As a resuit of this, the bursa omentalis comes to lie partially 
posterior to the hepar. 

B Boundaries of the bursa omentalis 


Anterior Omentum minus, lig. gastrocolicum 

Posterior Pancreas, aorta (pars abdominalis), truncus coeliacus, a. 
and v. splenica, plica gastropancreatica, left gl. 
suprarenalis, polus superior of left kidney 

Superior Hepar (with lobus caudatus), recessus superior of bursa 
omentalis 

Inferior Mesocolon transversum, recessus inferior of bursa 

omentalis 

Left Splen, lig. gastrosplenicum, recessus splenicus of bursa 

omentalis 

Right Hepar, bulbus duodeni 


C Surgical approaches to the bursa omentalis (see A) 


• Through the foramen omentale (natural opening, see E) 

• Between the curvatura major of the gaster and the colon 
transversum through the lig. gastrocolicum 

• Through the mesocolon transversum after elevating the colon 
transversum (inferior approach) 

• Between the curvatura minor of the gaster and the hepar (through 
the omentum minus) 

• From the curvatura major of the gaster after division of the 
omentum majus 
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Lig. hepato¬ 
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D Bursa omentalis, anterior view 

a Boundaries of the bursa omentalis, also the shape and location of the 
gastric bed 

b Structure of the posterior wall of the bursa omentalis 
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transversum 
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media 
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Colon transversum 
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E Bursa omentalis in the upper abdomen 

Anterior view. The lig. gastrocolicum has been divided, the gaster has 
been reflected superiorly (surgical approach), and the hepar has been 
retracted superolaterally. The foramen omentale (arrow) is the only nat- 


ural orifice of the bursa omentalis (opens posterior to the lig. hepatodu 
odenale). The vestibulum of the bursa omentalis lies just past the fora 
men and forms the initial portion of the bursa cavity. 


F Transverse section through the bursa omentalis 

Schematic section through the abdomen at the T12/L1 level, viewed 
from below. 

Note the walls and recesses that resuit from the formation of the bursa 
during the embryonic rotation of the gaster. Because the initial upper 
right portion of the embryonic body cavity moves posteriorly as part of 
the 90° rotation of the gaster, structures that were formerly posterior 
(splen) move to the left side while structures that were formerly ante¬ 
rior (hepar) move to the right side. Recesses in the bursa omentalis ex- 
tend close to these organs (see B). 
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21.7 Topography of the Upper Abdominal Organs: 
Hepar, Vesica Biliaris, Duodenum, and Pancreas 
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Pancreas (corpus) 
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transversum (radix) 


Flexura coli 
sinistra 
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A Location of the hepar and vesica biliaris 

Anterior view. The gaster and intestinum tenue have been removed, 
leaving a short stump of the jejunum. Most of the colon transversum 


has been removed. The hepar has been lifted for better exposure of 
parts of the omentum minus, lig. hepatoduodenale and pancreas (for 
the contents of the lig. hepatoduodenale see Eb). 



V. cava Aorta Ren 

inferior abdominalis sinister 


Impressio Impressio Impressio 

colica duodenalis gastrica 


Impressio 

renalis 

Impressio 

suprarenalis 



B Position of the hepar 

Transverse section through the abdomen at approximately the T12/L1 
level, viewed from below. The hepar is intraperitoneal except for the 
area nuda, which is not visible here. The lobus hepatis sinister extends 
into the LUQ, where it is anterior to the gaster. The peritoneal fold be- 
tween the hepar and the curvatura minor of the gaster (omentum mi¬ 
nus) can be seen. Portions of the hepar form the right boundary of the 
bursa omentalis. 


C Areas of contact with other organs 

View of the visceral surface of the hepar. 

Note: Impressions from organs that are in direct contact with the hepar 
are visible only on a liver that has been hardened in place by a Chemi¬ 
cal preservative (“fixation”). An unfixed hepar from a cadaver that has 
not been chemically preserved is so soft that generally it will not show 
organ impressions. Diseases of the hepar may easily spread to other or¬ 
gans, and vice versa, at areas of contact with adjacent organs (extensive 
owing to the size and topography of the hepar). 
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D Location of duodenum and pancreas 

Anterior view. The hepar, gaster and intestinum tenue have been re- 
moved, leaving the duodenum and a very small stump of the jejunum. 
The cola ascendens and transversum have been removed to expose the 
right kidney, pancreas, and duodenal loop. The secondarily retroperito- 
neal colon descendens is left in situ. The pancreas and duodenum are 
also secondarily retroperitoneal (for peritoneal relationships see p. 201). 


Both kidneys and gll. suprarenales, located in the spatium retroperito¬ 
neale, are visible through the peritoneum parietale. The kidneys and gll. 
suprarenales are primarily retroperitoneal. The intraperitoneal splen is 
located in the left upper quadrant in a compartment called the splenie 
niche. 

Note: The root of the (intraperitoneal) colon transversum crosses ante¬ 
rior to the duodenum and pancreas. 
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propria 
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E Peritoneal relationships of the duodenum and pancreas; 

contents of the ligamentum hepatoduodenale 
a Peritoneal relationships of the duodenum and pancreas, anterior 
view. The root of the mesocolon transversum crosses over the pars 
descendens of the duodenum and the pancreas. 


b Contents of the ligamentum hepatoduodenale. The lig. hepatodu¬ 
odenale is part of the omentum minus and connects the hepar with 
the pylorus and pars superior of the duodenum. It contains the v. 
portae hepatis, the a. hepatica propria, and the ductus choledochus. 
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21.8 Topography of the Upper Abdominal Organs: 
Gaster and Splen 
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A Location of the gaster and splen 

Anterior view. The hepar and omentum minus have been removed, the 
omentum majus has been opened and retracted to the left, and the 
gaster pulled slightly downward for better exposure. At several sites, the 
peritoneum has been removed or windowed for better exposure of the 
opening of the vv. hepaticae into the v. cava inferior and the opening of 
the vv. gastricae into the v. portae hepatis at the margin of the lig. hepa¬ 


toduodenale (here completely opened). The splen is retracted from its 
“niche” and lies close to the fundus and curvatura major of the gaster. 
The intraperitoneal gaster covers most of the retroperitoneal pancreas. 
The omentum majus, a remnant of the mesogastrium dorsale, is sus- 
pended from the curvatura major of the gaster. The gaster is partially 
shown transparent to display the a. splenica that extends behind the 
gaster from the truncus coeliacus to the splen. 



B Areas of contact with adjacent 
organs 

a, b Anterior and posterior views 
of the parietes gastrici. Because the 
gaster is intraperitoneal, it is very 
mobile relative to adjacent organs. 
But since the gaster is in close con¬ 
tact with other organs, lesions that 
penetrate the paries gastri (ulcers, 
malignant tumors) may spread to 
nearby organs or may cause adhe- 
sions to develop between the gas¬ 
ter and adjacent organs. 
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C Location of the pancreas, splen, and major vessels 

Anterior view. The gaster has been partially removed and pulled slightly 
downward, and most of the intestina have been removed leaving only 
the duodenum. The splen has been lifted from its bed and retracted an- 
terolaterally toward the fundus gastricus. Part of the corpus pancreatis 
has been resected. Most of the peritoneum has been removed, and ret- 
roperitoneal fat and connective tissue have been cleared away. 

The secondarily retroperitoneal pancreas crosses over the polus supe¬ 


rior of the left kidney that also lies in the spatium retroperitoneale. The 
diagram shows that the displayed retroperitoneal organs are not ar- 
ranged in a coronal plane but oriented anterior to posterior. The most 
anterior organ in the right upper quadrant is the duodenum. Posterior 
to the duodenum lies the pancreas that is oriented transversely in the 
right and left upper quadrants. The most posterior organs are the two 
kidneys (here only the left kidney is clearly visible, the right kidney is 
covered by the duodenum and the caput pancreatis). 



D Projectiori of the pancreas and splen 
onto the skeleton 

Anterior (a) and left lateral (b) views. 

The corpus pancreatis is located at the L1/L2 
level, its caput extends a little lower. The cor¬ 
pus, along with the cauda pancreatis, is di- 
rected upward and to the left (almost to T12). 
The splen is located in the left upper quad¬ 
rant. Its longitudinal axis follows the line of the 
tenth rib. The cauda pancreatis seems to touch 
the splen. It only “seems” to touch it because 
the pancreas lies retroperitoneal and the splen 
lies intraperitoneal. Thus, they are separated 
by the peritonea parietale and viscerale (i.e., 
by the cavitas peritonealis). 

Note in particular how far posterior the splen is 
located as shown in (b). Just like the hepar, the 
splen touches the posterior wall of the cavitas 
peritonealis. 
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21.9 Cross-Sectional Anatomy of the Upper Abdominal Organs 
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Lobus dexter V. portae Dia- Flexura coli 

hepatis hepatis phragma Gaster sinistra 



a V. cava Aorta Splen Pulmo 

inferior abdominalis sinister 



c V. cava Aorta A. mesenterica Ren Pancreas 

inferior abdominalis superior sinister 


B Abdominal computed tomography 

Axial scans of the upper abdominal organs at the T12 level (a), L1 
level (b and c), and L2 level (d). Inferior views (from: Moller, T.B., E. 
Reif: Taschenatlas der Schnittbildanatomie, Band II: Thorax, Abdomen, 
Becken, 2. Aufl, Thieme, Stuttgart 2000). 


A Transverse sections through the abdomen 

a At the T12 level; b At the L1 level, inferior views. 

The level that most organs occupy in the body is dependent on age, pos- 
ture, constitutional type, nutritional state, and respiration. Thus, a sec- 
tion at a certain level may show considerable variation, especially in the 
organs that just border the plane of section. A section at the T12 level 


V. portae 

hepatis Pancreas 



b Truncus Ren Splen 

Vesica biliaris coeliacus sinister 



d Ren V. cava V. renalis Jejunum 

dexter inferior sinistra 


Note: The pancreas is normally located at the L1/2 level between the 
exit of the truncus coeliacus (see b) and the a. mesenterica superior (see 
c) from the aorta abdominalis. 


(a) passes only through the left kidney, which is more superior than the 
right kidney (the right kidney is more inferior because of the hepar and 
is below the plane of section). However, both gll. suprarenales are vis- 
ible, and the position of the right kidney can be inferred at the T12 level 
from the location of the right gl. suprarenalis. At the L1 level, the sec¬ 
tion almost always passes through both kidneys (see b). 
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21.10 Topography of the Intestina Tenue and Crassum 
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A Location of the intestinum tenue 

Anterior view of the opened abdomen. The hepar has been lifted, most 
of the gaster and the colon transversum have been removed, and the 
pancreas has been largely resected. 

The intestinum tenue is the longest individual organ. Its location varies 
to such a degree that pointing out its relation to palpable bony land- 
marks is not useful. Reference points are useful only for the initial and 
terminal segments of the intestinum tenue. The initial segment is the 
duodenum, a C-shaped loop that lies secondarily retroperitoneal in the 
right upper quadrant inferior (and slightly posterior) to the hepar, ap- 
proximately at the L1 -3 level. The duodenum is crossed by the mesoco¬ 


lon transversum. The terminal part of the intestinum tenue is the ileum 
at the junction of the caecum with the colon ascendens. The ileum is 
located in the right lower quadrant slightly inferior to the crista iliaca. 
Most of the jejunum and ileum (both completely intraperitoneal) lie in 
the form of coils in the lower abdomen between the mesocolon trans¬ 
versum and the apertura pelvis superior within a “frame” formed by the 
colon. The jejunum and ileum are covered by the omentum majus (here 
removed) and are located more anterior than the duodenum (anterior 
layer of the abdomen). In this view, the mesenterium has been largely 
removed to expose the numerous aa. and vv. jejunales and ileales. 
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B Location ofthe intestinum crassum 

Anterior view of the opened abdomen. The hepar has been lifted, most 
ofthe gaster and the colon transversum have been removed, the pan¬ 
creas has been largely resected, and the intestinum tenue has been re¬ 
moved leaving only the duodenum and a small stump of the jejunum 
and ileum. By removing a large area ofthe peritoneum, the neurovascu- 
lar structures running to the cola ascendens and descendens are made 
visible. 

The intestinum crassum forms a frame around the intestinum tenue. Its 
location also varies, but to a lesser degree than the intestinum tenue: 

• The cola ascendens and descendens (both secondarily retroperito- 
neal) are along the right and left sides, 

• The colon transversum (intraperitoneal) runs horizontally across the 
border between the upper and lower abdomen, 


• The colon sigmoideum is at the pelvic brim in the left lower quad¬ 
rant, and 

• The rectum and canalis analis (retro- or subperitoneal) are in the pel¬ 
vis anterior to the os sacrum. 

Using bony landmarks makes sense only as reference points to define 
the location ofthe rectum that extends in front ofthe os sacrum from 
the junction between S2 and S3 to the diaphragma pelvis. Because of 
the colon’s proximity to the hepar (flexura coli dextra, or flexura coli he¬ 
patica) and splen (flexura coli sinistra, or flexura coli splenica) they also 
serve as topographic reference points. If the abdomen is divided into 
layers from anterior to posterior, the intraperitoneal colon transversum 
is located in the anterior layer, and the retroperitoneal portions ofthe 
cola ascendens and descendens are located in the middle layer. How- 
ever, the colon descendens lies significantly more posterior than the co¬ 
lon ascendens. 
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21.11 Radiography of the Intestina Tenue and Crassum 


A Standing abdominal radiograph 

Depending on the medical problem, images 
of the gastrointestinal tract may be obtained 
using conventional X-rays (with or without the 
administration of a contrast medium), com- 
puterized tomography (CT and MRI) or so- 
nography. Left lateral decubitus or standing 
abdominal radiographs are employed to de- 
tect the presence of free gas within the cavitas 
peritonealis, which may indicate perforation of 
a hollow organ, or to look for fluid levels in the 
intestinal lumen if ileus is suspected. 

a Standing abdominal image-normal find- 
ings: the diaphragma is clearly defined (ar- 
rows) with no evidence of free gas under 
the domes of the diaphragma. Under nor- 
mal physiologic conditions, small quantities 
of gas are present (intestinal gases or gas- 
tric bubble); 

b Mechanical ileus after right hemicolectomy: 
proximal to the site of stenosis, greatly dis- 
tended coils of the ileum are visible as well 
as air-fluid levels at different heights in the 
remaining colon. The pattern of distribution 
of the air-fluid levels may indicate the site of 
obstruction (see c); 

c Schematic representation of radiologic 
findings in cases of mechanical ileus show- 
ing the different levels at which the obstruc¬ 
tion has occurred: I duodenal ileus demon- 
strating the ‘double-bubble’characteristic, 
II high and III deep intestinum tenue ileus 
(no presence of gas in colonic frame), IV in¬ 
testinum crassum ileus with air-fluid levels 
located along the course of the colon (from 
Reiser, M. et al.: Radiologie [Duale Reihe], 
2nd edition, Thieme, Stuttgart 2006). 


B Double-contrast radiograph of the 
intestinum tenue 

Double-contrast radiograph of the intestinum 
tenue in the anteroposterior projection (X-ray 
source in front of the patient, film-screen com- 
bination behind the patient). Anterior view. In 
a double-contrast study, air is instilled into the 
bowel through a tube and a radiopaque liq- 
uid contrast medium (barium sulfate) is ad- 
ministered to provide an exceptionally high- 
contrast image. This technique guarantees 
high morphological resolution and is sensitive 
in detecting mucosal changes. The image to 
the right illustrates a normal double-contrast 
study. The transversely oriented plicae circu¬ 
lares of the intestinum tenue are defined with 
great clarity. 



Ileum 
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C Double-contrast radiograph of the 

intestinum crassum 

(from: Reiser, M. etal.: Radiologie [Duale 

Reihe], 2. Aufl. Thieme, Stuttgart 2006) 
Double-contrast radiograph of a normal inte¬ 
stinum crassum in the anteroposterior pro- 
jection, anterior view; a Normal findings; b 
Multiple evaginations with sigmoid diverticu- 
litis; c Colonic diverticula viewed in profile (ar- 
row) and en face (tip of arrow); d Colon polyp; 
e Schematic diagram of criteria for the radio- 
logic distinction between polyps and divertic¬ 
ula. 

In a the different parts of the intestinum 
crassum and their haustra are clearly visible. 
The radiopaque contrast medium is not evenly 
distributed: the more opaque, white areas of 
variable size indicate sites where the contrast 
medium has pooled. 

Note: Both colonic diverticula and colon polyps 
display characteristic pathological changes in 
the intestinum crassum. Whereas diverticula 
are evaginations of circumscribed wall por- 
tions of the intestinum crassum, polyps are 
initially benign, circumscribed, pedunculated 
or parietal mucosal protrusions. Their radio- 


logical distinction is apparent in the double- 
contrast radiograph because of certain criteria 
when viewed both in profile and en face (see 
e). Inflammatory changes of the diverticula 
are called diverticulitis. An acute episode can 
lead to severe stenosis with an increased risk 
of perforation. As the colonic diverticula in- 
crease in size they carry a higher risk of ma¬ 
lignant transformation (colonic carcinoma see 
p. 240). 
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sharpinner edge 


sharp outer edge 
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21.12 Topography of the Rectum 
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a Vescia urinaria 


A Perirectal area with mesorectal fascial envelope 

(after Wedel and Stelzner) 

Male pelvis; a Transverse section at the level of the lower third of the 
vesica urinaria, viewed from above; b Midsagittal section, viewed from 
the left side. 

Continence-maintaining operations, for example, total mesorectal ex- 
cision (TME), play an increasingly important role in rectal cancer sur- 
gery (see p. 241). Of particular significance for the surgical treatment 
of rectal carcinoma are the mesorectal fascial envelopes, which divide 


the perirectal area and protect the neurovascular structures supplying 
the rectum and other pelvic organs. These fascial envelopes are derived 
from the fascia transversalis that continues into the pelvis as the fascia 
pelvis. Its visceral layer covers the pelvic organs and its parietal layer 
covers the bony and muscular pelvic wall. 

At the sites where the organs are attached to the diaphragma pelvis, 
the fascial layers merge. One important compartment is the mesorec- 
tum, consisting of perirectal connective tissue and fat (also known as 
the rectal adventitia). It contains the superior rectal vessels and the 
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Plexus sacralis 

R. posterior 

Foramen sacralis 
anterior 

Nn. splanchnici 
pelvici 

Canalis sacralis 

N. hypogastricus 
inferior dexter 

A. sacralis 
mediana 

Spatium 
retrorectale 

A. rectalis 
superior 

Spatium 

presacrale 


b 


Proctodeal 

gland 


M. sphincter 
ani internus 


rectal vasa lymphatica and their nodi lymphoidei. Thus, the mesorec- 
tum is an area where rectal cancer can typically spread. The fascia pelvis 
visceralis, which surrounds the mesorectum (and is commonly known 
as rectal fascia) abuts anteriorly and posteriorly against avascular and 
nerve-free slit-like spaces (spatia retrorectale and prerectale). Opening 
of these spaces allows for a posterior and anterior mobilization of the 
rectum during the TME procedure (see p. 241). Further posteriorly lies 
the fascia pelvis parietalis (also known as Waldeyer’s fascia). It encloses 
two bundles of sympathetic nerves (the left and right nn. hypogastrici), 


which run laterally. After receiving parasympathetic contributions from 
the nn. splanchnici pelvici, which arise from sacral nn. spinales in the 
area of the pararectal fascia, the nn. hypogastrici together with the a. 
rectalis media approach the lateral wall of the rectum. Prominent ve- 
nous plexuses (presacral veins) run between the fascia pelvis parietalis 
and sacral periosteum in the presacral space. Anteriorly, the mesorec¬ 
tum is bounded by the fascia propria (Denonvilliers’ fascia) of the uro- 
genital organs, which particularly in males consists of a distinet piate of 
connective tissue at the level of the prostata and the glI. vesiculosae. 
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21.13 Retroperitoneum: 

OverView and Divisions 


Peritoneum Hepatic surface V. cava 

parietale of diaphragma Vv. hepaticae inferior 


Ostium 

cardiacum 


Gl. suprarenalis dextra 


Lig. hepatoduodenale 
(with v. portae hepatis, 
a. hepatica propria and 
ductus choledochus) 


Ren dexter 

Duodenum, 
pars superior 


Pancreas (caput) 

Duodenum, 
pars horizontalis 

Duodenum, 
pars ascendens 

Aorta abdominalis 

Radix mesenterii — 

A. and v. iliaca — 
communis dextra 

Colon ascendens — 

Ureter dexter- 

Rectum - 



Gl. suprarenalis 
sinistra 

Lig. gastrosplenicum 


A. and v. splenica 
Pancreas 

(corpus and cauda) 

Mesocolon 
transversum (radix) 

A. and v. colica 
sinistra 

Colon descendens 


A. and v. 

mesenterica superior 
A. and v. 

mesenterica inferior 

Mm. obliqui externus 
and internus abdominis, 
m. transversus abdominis 


Peritoneum 

parietale 

Mesocolon 

sigmoideum 

Ureter sinister 

A. iliaca externa 


A OverView ofthe retroperitoneum 

Anteriorviewof a female abdomen and pelvis. Most ofthe gaster, splen, 
intestinum tenue, colon transversum, and colon sigmoideum (intraperi- 
toneal organs) have been removed. The stump ofthe oesophagus atthe 
ostium cardiacum is visible to provide an anatomical landmark. 

Note: Some of the retroperitoneal organs are fully integrated in that 
space, having formed in the retroperitoneum: the kidneys, gll. suprare¬ 


nales, great vessels, and nervi. Other structures form in the cavitas peri¬ 
tonealis and migrate to the retroperitoneum secondarily (the pancreas 
and duodenum, see B). Their peritoneum viscerale becomes fused to 
the peritoneum parietale ofthe posterior wall, and they retain a perito- 
neal covering on their anterior surface. The primary retroperitoneal or¬ 
gans do not have a peritoneal covering because they are fully integrated 
into the retroperitoneal connective tissue. 
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B Organs and neurovascular structures in the retroperitoneum 


Organs 

Vessels 

Nerves 

Primarily retroperitoneal (or extraperitoneal): 

(all primarily retroperitoneal) 

(all primarily retroperitoneal) 

• Right and left renes 

• Aorta (pars abdominalis) and its branches 

• Branches of the plexus lumbalis (nn. 

• Right and left gll. suprarenales 

• V. cava inferior and its tributaries 

iliohypogastricus, ilioinguinalis, genitofemo¬ 

• Right and left ureteres 

• Vv. lumbales ascendentes 

ralis, cutaneus femoralis lateralis, femoralis, 


• V. portae hepatis (before coursing in the lig. 

and obturatorius) 

Secondarily retroperitoneal: 

hepatoduodenale) and its tributaries 

• Truncus sympathicus 

• Pancreas 

• Duodenum: partes descendens and 
horizontalis, some of the pars ascendens 

• Cola ascendens and descendens 

• Variable: portions of the caecum 

• Rectum to the flexura sacralis 

• Nll. lumbales, sacrales, and iliaci, trunci 
lumbales, cisterna chyli 

• Ganglia autonomica and plexus autonomici 



Central 

retroperitoneum 


Rightflank 

region 


Leftflank 

region 



Pelvic 

region 


C Zones of the retroperitoneum (after von Lanz and Wachsmuth) 
The retroperitoneum, like other body cavities, can be divided into zones 
based on clinical criteria. This type of classification is useful for evaluat- 
ing what organs may be jointly affected by disease or injury due to their 
proximity to each other, even if they belong to entirely different func- 
tional systems. The retroperitoneum is divided into three zones: 


Zone 1: Central retroperitoneum with the duodenum and great vessels 
Zone 2: left and right flank regions with the kidneys, ureteres, colon as¬ 
cendens, and colon descendens (omitted here to give a clearer view of 
the other organs) 

Zone 3: pelvic region (corresponding to the hypogastrium) with the ve¬ 
sica urinaria, distal ureteres, rectum, and internal genitalia 
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21.14 Retroperitoneum: 

Peritoneal Relationships 


Peritoneum Hepatic surface V. cava 

parietale of diaphragma Vv. hepaticae inferior 


Cardiae 

orifice 


Gl. suprarenalis 
dextra 

Lig. hepatoduodenale 
(with v. portae hepatis, 
a. hepatica propria and 
ductus choledochus) 


Ren dexter 

Duodenum, 
pars superior 

Duodenum, 
pars descendens 

Pancreas (caput) 

Duodenum, 
pars horizontalis 

Duodenum, 
pars ascendens 

Aorta abdominalis 
Radix mesenterii — 


A. and v. iliaca 
communis dextra 

Site of attachment of 
colon ascendens 

Mesoappendix — 

Ureter dexter — 

Rectum — 



Gl. suprarenalis 
sinistra 

Lig. gastrosplenicum 


A. and v. splencia 
Pancreas 

(corpus and cauda) 

Mesocolon 
transversum (radix) 

A. and v. colica sinistra 

Site of attachment 
of colon descendens 

A. and v. 

mesenterica superior 

A. mesenterica 
inferior 

Mm. obliqui externus 
and internus abdominis, 
m. transversus abdominis 

Sulci paracolici 

- Peritoneum 

parietale 

- Mesocolon 

sigmoideum 

- Ureter sinister 

- A. iliaca externa 


A Peritoneal relationships on the posterior wall of the 
cavitas peritonealis 

Anterior view of the opened thorax and abdomen. AII of the intraperi- 
toneal organs have been removed to display the retroperitoneum (spa¬ 
tium retroperitoneale). The posterior wall of the cavitas peritonealis also 
forms the anterior wall of the retroperitoneum. Unlike the anterior wall 
of the cavitas peritonealis, which consists largely of muscles and fasciae, 
much of the posterior wall is formed by the organs in the retroperito¬ 
neum, which are visible through the peritoneum parietale in this dissec- 
tion. For clarity, the retroperitoneal connective tissue and fat have been 
thinned out to display the course of the retroperitoneal vessels and the 


ureter (where it crosses in front of the iliac vessels). The hepatic surface 
of the diaphragma is devoid of peritoneum and corresponds to the area 
nuda of the hepar. The cola ascendens and descendens (removed here 
for clarity) are attached by connective tissue to the posterior wall of the 
cavitas peritonealis, so they are also located in the retroperitoneum (see 
p. 374). In this specimen, the area of attachment of the colon ascen¬ 
dens extends further inferiorly to the pelvis than usual. The mesocolon 
transversum, like the colon transversum, is located anterior to the du¬ 
odenum (i.e., is intraperitoneal). The migration of these organs during 
embryonic development is described on p. 32 f. The mesocolon sigmoi¬ 
deum crosses anterior to the left iliac vessels and left ureter. 


376 









































27 . Topographical Anatomy 


Abdomen and Pelvis 


Peritoneum V. cava A. hepatica Truncus 

parietale inferior Vv. hepaticae communis coeliacus 


Diaphragma 


Hepatic surface 
of diaphragma 

Gl. suprarenalis 
dextra 

Lig. hepatoduodenale 


Ren dexter 


Corpus pancreatis 


Duodenum, 
pars superior 

Caput pancreatis 


Duodenum, 
pars descendens 

Mm. obliquus 
internus and 
externus abdominis 



Duodenum, Radix Proc. Duodenum, 

pars inferior mesenterii uncinatus pars ascendens 


Gl. suprarenalis 
sinistra 

A. splenica 

Cauda pancreatis 

Flexura coli sinistra 

Radix of mesocolon 
transversum 

Ren sinister 

Jejunum 

Colon descendens 
A. and v. 

mesenterica superior 


A. and v. 
colica sinistra 


B Retroperitoneum 

Anterior view. AII intraperitoneal organs have been removed except for 
the splen and a short stump of the jejunum (both of which have been 
left in place to aid orientation). The retroperitoneal colon ascendens has 
also been removed; and to better display the kidneys, the retroperito¬ 
neal connective tissue is only hinted at. 

The retroperitoneal organs “shine” through the peritoneum. The root 
of the mesocolon transversum crosses over the right kidney, duodenum 


and pancreas. From a superior to inferior direction, the root of the mes¬ 
enterium crosses the caput pancreatis. During retroperitonealization, 
the colon descendens migrates so far to the posterior body wall, that it 
comes to lie almost in a coronal plane with the left ren. The intraperito¬ 
neal splen lies in its own small compartment located in the upper quad¬ 
rant in close vicinity to the cauda pancreatis, colon descendens, and left 
kidney. However, the splen is separated from these organs by the cavi¬ 
tas peritonealis. 


Ren Gl. suprarenalis Gl. suprarenalis Ren 

dexter dextra sinistra sinister 



Colon Colon V. cava Aorta A. and v. 

ascendens transversum inferior abdominalis colica sinistra 


C Transperitoneal view of the 
retroperitoneum 

Anterior view. The intraperitoneal organs have 
been removed except a small part of the co¬ 
lon transversum. The retroperitoneal colon de¬ 
scendens has also been removed. The connec¬ 
tive tissue and fat in the retroperitoneum are 
of normal volume in this dissection. The kid¬ 
neys form in the retroperitoneum during em- 
bryonic development and are embedded in 
the retroperitoneal fat and connective tissue. 
Thus the kidneys, like the great vessels, are ob- 
scured by the anterior wall of the retroperi¬ 
toneum and are visible only as bulges behind 
the peritoneum parietale. Additionally, the an¬ 
terior layer of the fascia renalis is interposed 
between the kidneys and the peritoneum pa¬ 
rietale (see p. 284). Because the pancreas is 
secondarily retroperitoneal, it is not fully in- 
tegrated into the retroperitoneal fat and con¬ 
nective tissue. Being attached to the posterior 
wall of the cavitas peritonealis “only” by fu- 
sion of the peritoneal layers, the pancreas can 
be seen with much greater clarity. Although 
its anterior surface is covered by peritoneum, 
that layer is more translucent than the retro¬ 
peritoneal connective tissue and fat. 
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21.15 Retroperitoneum: 

Organs of the Retroperitoneum 


V. portae V. cava 

hepatis inferior 


Truncus 

coeliacus Oesophagus 


A. and v. supra¬ 
renalis superior 


A. hepatica 
propria 

Ductus 

choledochus 

N. subcostalis 

A. and v. mesenterica 
superior 

Duodenum 

N. iliohypogastricus 

N. ilioinguinalis 

Bifurcatio aortae 

A. and v. 
ovarica dextra 

A. and v. iliaca 
communis dextra 

N.cutaneus 
femoris lateralis 

Peritoneum 
parietale 

A. and v. iliaca 
externa dextra 

N. femoralis 



A. and v. 
gastrica sinistra 

Gl. suprarenalis 
sinistra 

A. splenica 

Pancreas (corpus) 

A. and v. 
renalis sinistra 

Ren sinister 

Ureter sinister 

A. and v. 
ovarica sinistra 

Aorta, pars 
abdominalis 

A. and v. 

mesenterica inferior 
N. genitofemoralis 


Mesocolon 

sigmoideum 

Colon 

sigmoideum 

Uterus 

(fundus) 


Ovarium 


Tuba uterina Rectum 


Vesica urinaria 


A Retroperitoneal organs, anterior view 

Organs of the upper retroperitoneum, anterior view. Intraperitoneal or¬ 
gans except for the colon sigmoideum have been removed; the uterus 
and adnexa as well as the subperitoneal vesica urinaria have been left in 
place to aid orientation. Retroperitoneal segments of the colon, perito¬ 
neum parietale, and retroperitoneal connective tissue have been com- 


pletely removed; thus leaving peritoneum only in the area of the men- 
tioned pelvic organs. The posterior wall of the cavitas abdominalis with 
its neurovascular structures is visible. The most dominant structures are 
the major retroperitoneal vascular trunks, the aorta abdominalis and v. 
cava inferior, anterior or lateral to which the organs in the spatium ret¬ 
roperitoneale are located. 
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Corpus 

gastricum 


Aorta 

abdominalis 


Duodenum, 
pars descendens 


A. jejunalis 

Nll. coeliaci 


Mesocolon 

transversum 

Jejunum 


Fascia renalis, 
anterior 
layer (p. 284) 


Flexura 

duodenojejunalis 


Hepar 


Ren dexter 


Colon 

transversum 


Pancreas, 

caput 


A. and v. mesenterica 
superior 


Ureter 


Fascia renalis, 
posterior layer 
(p. 284) 


M. psoas 
major 


V. cava Medulla 

inferior spinalis 


B Retroperitoneal organs in transverse section 

Transverse section through the abdomen approximately at the L1 level, 
inferior view. 

This transverse section shows the relative positions of the organs in the 
spatium retroperitoneale from anterior to posterior: 

• the duodenum with the caput pancreatis are located most anteriorly, 

• the cauda pancreatis (not visible here because it is above the sec- 
tional plane) lies posterior to the caput pancreatis as the pancreas 
runs obliquely backward, 

• the two kidneys are located most posteriorly. 


Between the “duodenum-pancreas plane” and the plane of the kidneys 
lie the major retroperitoneal vascular trunks; the aorta is located ante¬ 
rior to the columna vertebralis and the v. cava inferior is situated ante¬ 
rior and slightly right of the columna vertebralis. It is clearly visible how 
the hepar with the cavitas peritonealis extends slightly behind the right 
kidney, and that the colon descendens and left kidney lie almost in the 
same horizontal plane. It is ciear how the kidneys are embedded in the 
retroperitoneal fat and connective tissue of the capsula adiposa. 
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21.16 Retroperitoneum: 

Location of the Kidneys 


Hepatic surface of diaphragma V. portae 
(not covered by peritoneum) hepatis Vv. hepaticae 


V. cava A. hepatica Splenie 

inferior Oesophagus propria fossa 


Diaphragma 

Lig. hepato¬ 
duodenale 

Cl. suprarenalis 
dextra 

Ductus hepaticus 

Pancreas, 

corpus 

Duodenum, 
pars superior 

Peritoneum 

parietale 

Pancreas, 

caput 

Duodenum, 
pars descendens 

A. and v. 
mesenterica 
superior 

Site of attachment 
of colon 
ascendens 



Recessus costo¬ 
diaphragmaticus 

A. gastrica 
sinistra 

Gl. suprarenalis 
sinistra 

A. splenica 

Pancreas, 

cauda 

Radix of 

mesocolon 

transversum 

A. and v. renalis 
sinistra 

Ren sinister 


Site of attachment 
of colon 
descendens 

Mm. obliqui 
externus and 
internus abdominis, 
m. transversus 
abdominis 


Duodenum, 
pars horizontalis 


Radix Aorta 

mesenterii abdominalis 


Duodenum, A. and v. colica 

pars ascendens sinistra 


A Topographical relations of the kidneys (renes) in the 
retroperitoneum 

Anterior view. AII of the intraperitoneal organs and secondarily retroper- 
itoneal portions of the colon (ascendens and descendens) have been re- 
moved, leaving the duodenum and pancreas in place. Most of the cap¬ 
sula adiposa anterior to the kidneys has also been removed. Both kid¬ 
neys are overlapped by the attachments of the cola ascendens and de¬ 


scendens on the posterior wall of the cavitas peritonealis and by the 
root of the mesocolon transversum. Because the pancreas, parts of the 
duodenum, and the flexurae colicae sinistra and dextra are secondarily 
retroperitoneal, they are in close proximity to the primarily retroperito- 
neal kidneys but are stili separated from them by the fat and connective 
tissue of the capsula adiposa (see B). 


Gl. suprarenalis 
dextra 


Area of contact 
with hepar 

Hilum renale 
dextrum 

Area of contact 
with flexura 
coli dextra 



Area of contact Ureter 

with duodenum dexter 


Gl. suprarenalis 
sinistra 



Area of contact 
with gaster 


Area of contact 
with splen 


Area of contact 
with pancreas 


Area of contact 
with colon 
descendens 


Ureter Hilum renale 

sinister sinistrum 


B Areas of renal contact with abdominal 
and pelvic organs 

Anterior view. The gll. suprarenales (also 
shown for clarity) are very close to the kid¬ 
neys but do not touch them, being separated 
from the renal surface by the capsula adiposa. 
The facies anteriores of the kidneys are related 
to numerous abdominal organs. The retroperi¬ 
toneal organs are separated from the kidneys 
(also retroperitoneal) by the fasciae of the re¬ 
nal bed. The kidneys are additionally separated 
from the intraperitoneal organs by the perito¬ 
neum. As a resuit, surrounding organs do not 
form impressions on the kidneys, which are 
relatively firm and stable in their dimensions, 
and the areas of renal contact with other or¬ 
gans are important in terms of topographical 
anatomy but have little clinical importance. 
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C Proximity of the kidneys to the nervi 
iliohypogastrici and ilioinguinales 

a Neurovascular structures on the anterior 
side of the posterior trunk wall. Lumbar 
fossa on the right side after removal of the 
anterior and lateral trunk wall, ali the fas¬ 
ciae, the peritoneum and the intra- and 
retroperitoneal organs except for the right 
kidney. The v. cava inferior has been par- 
tially removed. Anterior view. 
b Posterior view of the right kidney. The renal 
capsula adiposa and parts of the posterior 
trunk wall have been removed. 
c Skin areas supplied by the nn. iliohypogas¬ 
tricus and ilioinguinalis to which pain is re- 
ferred 

After removal of trunk wall layers, the prox¬ 
imity of the kidneys to the nn. iliohypogas¬ 
trici and ilioinguinales can be seen. Both are 
branches of the plexus lumbalis from T12 and 
L1, positioned lateral to the lumbar spine. 
These nerves supply motor innervation to the 
muscles of the trunk wall and sensory inner¬ 
vation to skin areas on the lateral and anterior 
abdominal wall. If an abnormally enlarged kid¬ 
ney exerts pressure on the nn. iliohypogastri¬ 
cus and ilioinguinalis, pain is referred to the 
skin areas shown in c. The distance between 
the kidney and n. subcostalis is usually large 
enough so that it is not compressed by renal 
enlargement. 


Lig. arcuatum 
laterale 
(quadratus 
arcade) 

M. quadratus 
lumborum 

N. subcostalis 

M. transversus 

abdominis 

N. iliohypo¬ 
gastricus 

N. ilioinguinalis 
Vasa iliolumbalia 

M. iliacus 

N. iliohypo¬ 
gastricus, 
r. cutaneus 
lateralis 

N.cutaneus 
femoris lateralis 


N. genito¬ 
femoralis, 
r. femoralis 

N. femoralis, 
rr. cutanei 
anteriores 

a 



V. cava inferior 

Diaphragma, 
pars lumbalis 

Lig. arcuatum 
mediale (psoas arcade) 


Truncus sympathicus 


Aorta abdominalis 


V. cava inferior 

Mm. psoas major 
and minor 

R. genitalis 

IN. gemto- 
f femoralis 

R. femoralis 


N. femoralis 


N. iliohypogastricus, 
r. cutaneus anterior 

N. ilioinguinale 

N. genitofemoralis, 
r. genitalis 


b 



Costa XII 

N. subcostalis 

Ren dexter 

N. iliohypo¬ 
gastricus 

N. ilioinguinalis 


N. iliohypo¬ 
gastricus 

N. ilioinguinalis 


c 



Innervated 
skin area 
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21.17 Peritoneal Relationships in the Anterior Abdominal Wall 


Peritoneum 

parietale 


Vagina musculi 
recti abdominis, 
lamina posterior 

Linea arcuata 

M. rectus abdominis 

Vasa epigastrica 
inferiora 

Vasa circumflexa 
ilium profunda 

A. and v. testicularis 


A. and v. ductus 
deferentis 

A. and v. femoralis 


Ductus deferens 
R. obturatorius 


N. obturatorius, 
a. and v. obturatoria 



Diaphragma 


Lig. falciforme 
hepatis 


Lig. teres hepatis, 
vv. paraumbilicales 


Umbilicus 


Plica umbilicalis 
mediana 

Plica umbilicalis 
medialis 

Plica umbilicalis 
lateralis 


M. iliacus 

Fossa inguinalis 
lateralis (anulus 
inguinalis profundus) 

Psoas major 

Fossa inguinalis medialis 
(Hesselbach's triangle) 

Fossa supravesicalis 
Vesica urinaria 


Prostata 


A Peritoneal relationships on the posterior surface of the 
abdominal wall 

Posterior surface of the anterior abdominal wall, viewed from the pos¬ 
terior aspect. The peritoneum on the left side has been removed to dis- 
play the contents of the peritoneal folds (plicae umbilicales). They are 
formed by the peritoneum that covers structures on the posterior sur¬ 
face ofthe anterior trunk wall. The peritoneum parietale lying between 
the folds raised by these structures forms shallow depressions called 
fossae. 

Peritoneal folds (plicae umbilicales): 

• One plica umbilicalis mediana: This is where the peritoneum pari¬ 
etale covers the lig. umbilicale medianum, which is the obliterated 
urachus (remnant of the allantois that is obliterated during embry- 
onic development). 

Note: Incomplete obliteration of the urachus may lead to umbilical 
fistulae in postnatal life. 

• Two plicae umbilicales mediales: Sites where the peritoneum pari¬ 
etale covers the a. umbilicalis (the portion ofthe artery that becomes 
occluded at birth) 


• Two plicae umbilicales laterales: Sites where the peritoneum pari¬ 
etale covers the a. and v. epigastrica inferior 

Each of the paired oo. umbilicales consists of a proximal pars patens 
(which gives rise to the a. vesicalis superior and, in males, the a. ductus 
deferentis) and a distal pars occlusa. The unpaired v. umbilicalis is usually 
obliterated to form the lig. teres hepatis. 

Peritoneal fossae: 

• Two fossae supravesicales 

• Two fossae inguinales mediales (posterior to the anulus inguinalis su¬ 
perficialis) 

• Two fossae inguinales laterales (in which the anulus inguinalis pro¬ 
fundus is located) 

Note: The anulus inguinalis profundus (internal inguinal ring) is a struc- 
tural weak point in the abdominal wall which forms the entrance to the 
canalis inguinalis. This canal provides a path for the descent ofthe testis 
during normal development, but also creates a potential route for the 
herniation of abdominal viscera (indirect inguinal hernia). 
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Fascia — 


transversalis 



C£; 

N.cutaneus -—" 


femoris lateralis 



M. transversus 
abdominis 


Lig. inguinale 


M. iliopsoas < 



N. femoralis 
M. iliacus 


M. psoas major 

N. genito- K femoralis 
femoralis j R genitalis 

Arcus iliopectineus 
A. and w. testiculares 
A. and v. femoralis 


N. obturatorius 
Vasa obturatoria 


Peritoneum 


Linea arcuata 


M. rectus abdominis 

Vasa epigastrica 
inferiora 

Plica umbilicalis 
medialis 

Fossa inguinalis 
lateralis (anulus 
inguinalis profundus) 

Lig. interfoveolare 

Fossa inguinalis medialis 
(Hesselbach's triangle) 

Fossa supravesicalis 

R. pubicus 


Anulus femoralis 


Lig. pectineum 
(Cooper's ligament) 

R. obturatorius 


Ductus deferens 


B Internal hernial openings in the male inguinal and femoral 
region 

Detail from A, posterior view. For better exposure of the hernial open¬ 
ings, the peritoneum and fascia transversalis have been partially re- 


C OverView of internal and external openings of abdominal 
hernias 

Above the lig. inguinale, the plicae umbilicales mediana, mediales, and 
laterales (see A) form three weak spots on each side of the abdominal 
wall where indirect and direct inguinal hernias and suprapubic hernias 
typically occur. Another weak spot is located below the lig. inguinale and 
medial to the v. femoralis in the lacuna vasorum. There the anulus fem¬ 
oralis is covered only by compliant connective tissue, the septum femo¬ 
rale, which is permeated by numerous vasa lymphatica. 


moved. The internal hernia openings (see C) for indirect and direct in¬ 
guinal hernias, femoral hernias and suprapubic (supravesical) hernias 
are color-coded. 


Internal 

Hernia 

External 

opening 


opening 

Above the lig. inguinale: 

Fossa supravesicalis 

Supravesical 

hernia 

Anulus inguinalis 
superficialis 

Fossa inguinalis medialis 
(Hesselbach’s triangle) 

Direct inguinal 
hernia 

Anulus inguinalis 
superficialis 

Fossa inguinalis lateralis 
(anulus inguinalis 
profundus) 

Indirect 
inguinal hernia 

Anulus inguinalis 
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21.18 Peritoneal Relationships in the Pelvis Minor 


A Paramedian section through 
the pelvis minor (= sectional 
plane slightly lateral from the 
midline) 

a Female pelvis; b Male pelvis, both 
viewed from the right side. 

Most of the connective tissue in the 
pelvic spatium extraperitoneale has 
been removed accounting for the 
apparently empty spaces between 
the organs. The vesica urinaria is 
well distended here so that the part 
of the vesica urinaria not covered by 
peritoneum is partially above the 
symphysis pubica (site of suprapu- 
bic bladder puncture). 

Whereas the cavitas peritonealis in 
the male is completely closed, in 
the female the abdominal end of 
the patent tuba uterina creates a 
potential opening to the outside. 
The cervical mucus plug creates a 
germ-proof seal that protects the 
pelvis minor from ascending infec- 
tions. 

The peritoneum forms pouches in 
the pelvis minor of both males and 
females, the excavatio rectouterina 
(between the uterus and rectum) in 
the female and the excavatio rec¬ 
tovesicalis (deepest part in the pel¬ 
vis between the vesica urinaria and 
rectum) in the male. Their specific 
shape depends on the degree of 
distention of the uterus and rectum 
or vesica urinaria and rectum. Gen- 
erally, the excavatio rectouterina is 
deep and the excavatio rectovesi¬ 
calis is shallow. The excavatio rec¬ 
touterina (pouch of Douglas) is the 
deepest point in the female cavitas 
peritonealis (see B). This space is 
clinically significant because it can 
be accessed for puncture or ultra- 
sound procedures by going through 
the vagina. 
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B Pelvis minor, anterosuperior view 

a Female pelvis, b Male pelvis. Loops of the intestinum tenue and 
parts of the intestinum crassum have been retracted laterally to show 
the vesica urinaria and rectum. 

The peritoneum parietale is reflected onto the surface of the vesica uri¬ 
naria and then continues onto the anterior wall of the rectum, or in the 
female to the uterus and the anterior wall of the rectum (the upper part 
of which is covered by peritoneum). The posterior wall of the vesica uri¬ 
naria and lower parts of the rectum are not covered by peritoneum. On 


the surface of the relatively empty vesica urinaria, as shown here, the 
peritoneum forms a transverse crease called the plica vesicalis trans¬ 
versa. It disappears when the vesica urinaria is full. For the plicae um¬ 
bilicales see p. 382. In the female, the peritoneum covers most of the 
uterus and parametrial connective tissue (parametrium) except for the 
cervix uteri, not visible here. As intraperitoneal organs, the ovaria and 
tubae uterinae are covered by peritoneum. In the male, the peritoneum 
also covers the ductus deferens, which passes through the anterior wall 
via the canalis inguinalis. 
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21.19 Topography of Pelvic Connective Tissue, Levels of the Cavitas 
Pelvis, and the Diaphragma Pelvis 


A Subdivision of the pelvis minor by spaces and fasciae 

Transverse (a and b) and midsagittal (c and d) sections through the 
(connective tissue of the) pelvis, anterosuperior and lateral views. 
Spaces: The pelvis minor consists of the pelvic covitos peritonealis and 
pelvic spatium extraperitoneale (see p. 9). The latter is further divided by 
the m. levator ani into an upper and lower part, creating the three lev¬ 
els of the pelvis minor (see B). The spaces are filled by connective tissue 
of variable density*. Topographically, based on the relationship to the 
peritoneum and pelvic wall, the spatium extraperitoneale can be sub- 
divided into 

• the spatium retropubicum: between the vesica urinaria and symphy¬ 
sis pubica; 

• the spatium retroinguinale: behind the regio inguinalis and belowthe 
peritoneum; 

• the spatium retroperitoneale: between the peritoneum and sacrum 
(the continuation of the retroperitoneum of the abdomen). 

Fasciae: The fascia pelvis consists of fascia parietalis (covering the struc- 
tures of the pelvic wall) and fascia visceralis (covering the pelvic organs). 
The connective tissue ofthe fascia visceralis is thickened at sites between 
and around the organs and is continuous with the adventitia or capsule 
ofthe pelvic organs: 

• Fascia rectoprostatica: septum retrovesicale (Denonvilliers’ fascia) 
(male pelvis, located between the rectum and vesica urinaria) 

• Fascia rectovaginalis: septum rectovaginale (female pelvis, located 
between the rectum and vagina) 

The connective tissue around the organs is also thickened and generally 
transmits the neurovascular bundles that supply the organs. 

• Lig. recti laterale (in pararectal fascia) 

• Lig. laterale vesicae (in paravesical fascia) 

• Lig. pubovesicale 

• Lig. transversum cervicis (in inferior parametrium) 

• The spatium extraperitoneale is mostly filled by loose fatty connec¬ 
tive tissue (sliding layer of connective tissue, mainly for the pelvic or¬ 
gans). At specific sites, the connective tissue is thickened and resem- 
bles dense, fibrous connective tissue (the entire fascia pelvis parieta¬ 
lis and parts ofthe fascia pelvis visceralis, as well as ligaments such as 
the lig. cardinale (lig. transversum cervicis), which differ in character 
from the ligaments ofthe musculoskeletal system). 
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M. obturatorius CII. bulbo- 

internus urethrales 



Canalis pudendalis Vesica 

(AlcocIVs canal) Prostata urinaria 



Cavitas peritonealis: 

• lleal loops 

• Appendix vermiformis 

• Colon sigmoideum 

Subperitoneal space 
(supralevator space): 

• Ureteres 

• A. and v. iliacae internae with 
visceral and parietal branches 

• A. and v. obturatoriae 

• Plexus sacralis 

• Plexus hypogastricus inferior 

Infralevator space 
(fossa ischioanalis): 

• A. and v. pudendae internae 

• N. pudendus with branches 


Spatium profundum perinei 


Spatium superficiale perinei 


Saccus subcutaneus perinei 


Peritoneum Uterus Vagina 
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B Levels of the pelvic region and structures located in each level 

Coronal section (for exact location of sectional planes see insets above) 
through a male (a) and female (b) pelvis. In addition to the levels of the 


pelvic region, the perineal spaces (spatium profundum, spatium superfi¬ 
ciale, and saccus subcutaneus) located belowthe pelvic region, are also 
outlined in color. 
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V 
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C Structure of the diaphragma pelvis 

The diaphragma pelvis is composed of three 
muscle and connective tissue plates that are 
also divided into three levels: 

• Upper layer: diaphragma pelvis 

• Middle layer: diaphragma urogenitale 

• Lower layer: sphincters and erectile muscles 
of the urogenital and intestinal tracts 

The funnel-shaped diaphragma pelvis is mainly 
formed by the m. levator ani and its superior 
and inferior muscular fasciae (fasciae supe¬ 
rior and inferior diaphragmatis pelvis). The di¬ 
aphragma urogenitale is a fibromuscular con¬ 
nective tissue sheet that stretches horizon- 
tally between the rr. ischiopubici and is mainly 
formed by the m. transversus perinei pro¬ 
fundus and its superior and inferior muscular 
fasciae (superior and inferior fasciae of the di¬ 
aphragma urogenitale). The sphincters and 
erectile muscles include the m. bulbospon¬ 
giosus, m. ischiocavernosus, m. sphincter ure¬ 
thrae externus, m. sphincter ani externus, and 
their individual muscular fasciae. 
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21.20 Suspensory Apparatus of the Uterus 
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A Suspensory apparatus of the uterus 

Location and function: The suspensory apparatus of the uterus is lo- 
cated in the subperitoneal connective tissue in the pelvis minor and 
consists of band-like structures of dense fibrous parts of the pelvic con¬ 
nective tissue (see p. 386). The uterus is mainly anchored at the cervix 
uteri by tissue strands that extend in both the sagittal and transverse di- 
rections. Like the neck of a bottle turned upside down, the isthmus uteri 
or portio supravaginalis cervicis is clasped and attached to the pelvis mi¬ 
nor. In this way, the portio vaginalis cervicis lies on the interspinal line. 
This is referred to as the normal position of the uterus. Generally, the 
suspensory apparatus permits physiological mobility of the uterus so it 
can adjust to the distention of surrounding organs. When the vesica uri¬ 
naria is full the uterus becomes more erect. When the rectum is full the 
uterus is pushed forward. If the vesica urinaria and rectum are both full 
the uterus is elevated. 

Components: The strongest supporting structure is the lig. cardinale 
(Mackenrodfs ligament) also known as the lig. transversum cervicis, a 
fibrous layer in the parametrium. It fans out from the fascia of the lat- 


eral pelvic wall to the portio supravaginalis cervicis. This fibrous appa¬ 
ratus keeps the uterus suspended in a position that is secured by the 
muscles of the diaphragma pelvis. In the sagittal direction, the uterus is 
anchored by band-like structures extending between the symphysis pu¬ 
bica and os sacrum. By running between vesica urinaria and cervix uteri 
as well as rectum and cervix uteri, these connective tissue fibers (lig. pu¬ 
bovesicale, lig. vesicouterinum, lig. vesicouterinum, and lig. rectouterinum) 
anchorthe organs. The lig. teres uteri arises at the cornua uteri and runs 
along the canalis inguinalis to the labia majora where it is anchored. It 
has smooth muscle cells and holds the uterus forward in its typical posi¬ 
tion (anteversion-anteflexion, see p. 318). 

Note: Intraperitoneal changes in uterine position are mostly congenital. 
However, tumors, inflammatory processes, and shortening of the sus¬ 
pensory ligaments can also influence uterine position. After childbirth, 
the uterus may assume a retroverted-retroflexed position (due to tem- 
porary overstretching of the uterine support system). As the body re- 
turns to its nonpregnant condition, the uterus returns to its normal po¬ 
sition. 


388 


















27 . Topographical Anatomy 


Abdomen and Pelvis 


Fundus 

uteri 



Ovarium 


Ureter 


Vesica urinaria 


Lig. teres uteri 


Plica 

rectouterina 


Excavatio 

rectouterina 


Rectum 


B Female pelvis in situ 

Superior view, the uterus has been 
straightened for clarity. 

Note the plica rectouterina as a peri- 
toneal ridge over the lig. rectouteri¬ 
num, and the course of the lig. 
teres uteri in the superior portion of 
the lig. latum uteri. 
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C Ligamentum cardinale 
(Mackenrodfs) 

Coronal section at the level of the 
uterus and vagina, with the uterus 
straightened. 

The strong lig. cardinale runs al- 
most horizontally in the parame¬ 
trium from the lateral pelvic wall to 
the portio supravaginalis cervicis. 
The a. uterina crosses the ureter in 
the lig. cardinale approximately 2 
cm lateral to the portio supravagi¬ 
nalis cervicis (see p. 343). 
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21.21 Female Pelvis in situ 
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A Female pelvis in situ 

a Posterosuperior view; the peritoneum cov¬ 
ering the uterus, vesica urinaria, and lateral 
and posterior walls of the pelvis has been 
partially removed, and the uterus pulled 
slightly anteriorly. The lig. latum uteri (part 
of the parametrium, see p. 386), right ovar¬ 
ium, and tuba uterina have been removed. 
Note: The ureter crosses inferior to the a. 
uterina approximately 2 cm lateral to the 
cervix uteri. 

b Schematic representation of the blood sup- 
ply to the female urogenital tract, left-lat- 
eral view (after Platzer). 
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B Female pelvis in situ, superior view 

Transverse cut of cavitas pelvis; numerous structures have been re- 
moved for clarity. The uterus and adnexa have been removed, and the 
vesica urinaria and rectum have been opened superiorly. Vessels have 
been transected cranially so that the pelvic spaces are clearly visible: 

• Spatium retropubicum in front of the vesica urinaria 

• Spatium vesicovaginale between vesica urinaria and uterus 

• Spatium rectovaginale between uterus and rectum 

• Spatium retroperitoneale (with spatia retrorectale and presacrale) 
behind the rectum 


For better exposure of the neurovascular bundle (a. rectalis media and 
nerve fibers of the plexus hypogastricus inferior) running to the rectum, 
the mesorectal adipose tissue (cf. p. 372) between the rectum and rec- 
tal fascia has been completely removed. It can be clearly seen that the 
a. uterina runs lateral to the cervix uteri in the lig. cardinale (see p. 388), 
at the base of the lig. latum uteri, and crosses the ureter 2 cm lateral to 
the cervix. 


391 









Abdomen and Pelvis 


21. Topographical Anatomy 


21.22 Male Pelvis in situ 
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A Male pelvis in situ, anterosuperior view 

The colon sigmoideum has been retracted anterolaterally and upward; 
and wide areas of peritoneum covering the mesocolon sigmoideum, 
rectum, vesica urinaria, and lateral and posterior pelvic walls have been 


removed to expose the underlying structures. Nodi lymphoidei and 
plexus autonomici are shown schematically for clarity. In the male pel¬ 
vis, the peritoneum is reflected from the vesica urinaria to the rectum to 
form the excavatio rectovesicalis. 


B Pelvic fasciae, mesorectum and course of the neurovascular 
bundle (see right page) 

a Anterosuperior view of the male pelvis, the upper two-thirds of the 
rectum and vesica urinaria have been removed. 

Clearly visible are the mesorectal adipose tissue together with the a. 
rectalis superior, which runs in it, and the fascial envelope (rectal fas¬ 
cia or fascia pelvis visceralis, cf. p. 372), which surrounds the meso¬ 
rectum. Bilateral neurovascular bundles extend anteriorly between 
the fasciae pelvis visceralis and parietalis. Both form a plexus hypo¬ 
gastricus inferior, a network of sympathetic (inferior nn. hypogas¬ 
trici) and parasympathetic (nn. splanchnici pelvici) nerves and gan¬ 
glia (ganglia pelvica). The nerve fibers together with the a. rectalis 


media extend from the plexus to the rectum, and together with the 
aa. vesicales to the prostata, gll. vesiculosae, and vesica uterina, 
b Sagittal section through male pelvis, pelvic connective tissue and 
most of the fascia pelvis have been removed; viewed from the left 
side. 

The rectum and its mesorectal fascial envelope (rectal fascia/fascia 
pelvis visceralis) has been unfolded to showthe location ofthe plexus 
hypogastricus inferior and the course ofthe neurovascular bundle on 
its lateral side between the fascial layers. Part ofthe septum recto¬ 
vesicale has been left in place between the vesica urinaria, gll. vesicu¬ 
losae, prostata, and rectum (cf. p. 372). 
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21.23 Cross-Sectional Anatomy of the Female Pelvis 
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A Location of the female pelvic organs in transverse section 

a Section through the female pelvis at the superior border of the sym¬ 
physis pubica. The section cuts the vesica urinaria just below the os¬ 
tia ureterum. Posterior to the vesica urinaria is a section of the cervix 
uteri, and behind that is the rectum (separated from the cervix uteri 
by the base of the excavatio rectouterina). As in the male pelvis, con¬ 
nective tissue is distributed around the vesica urinaria and rectum. 
Additional connective tissue is found around the cervix uteri, repre- 
senting a downward prolongation of the lig. transversum cervicis. A 
venous network, the plexus venosi uterinus and vaginalis, is embed- 
ded in the connective tissue and is cut at numerous sites in the sec¬ 
tion above. This plexus provides venous drainage for the uterus and 
vagina. 

Note: Peritoneal pouches exist in front of and behind the uterus: the 
excavatio vesicouterina anteriorly and the excavatio rectouterina 
posteriorly. The section shown here cuts the pelvis at the level of the 
excavatio rectouterina (cul-de-sac). The excavatio vesicouterina does 
not extend as inferiorly and terminates above the plane of section. As 
a resuit, the area between the cervix and vesica urinaria in this sec¬ 
tion is occupied by connective tissue (formerly called the “vesicovag- 
inal septum”). 

b MRI of the pelvis, transverse scan (from Hamm, B. et al.: MRT von 
Abdomen und Becken, 2. Aufl. Thieme, Stuttgart 2006). The image 
shows the low-signal intensity cervical stroma (arrows), which sur- 
rounds the narrow high-signal intensity canalis cervicis uteri. 


Vesica Canalis 

urinaria cervicis uteri 
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27 . Topographical Anatomy 


Abdomen and Pelvis 


Lig. suspensorium ovarii 
(with a. and v. ovarica) 


Tuba uterina dexter 


A. and v. iliaca 
externa dextra 

M. rectus 
abdominis 

Fundus uteri 

Lig. teres uteri 

Peritoneum 
parietale 

Excavatio 

vesicouterina 

Vesica urinaria 

Symphysis 

pubica 


Vagina 

Crus clitoridis 

M. transversus 
perinei profundus 


A. and v. iliaca 
communis sinistra 

— Vertebra LV 


Ureter dexter 

Ovarium dextrum 


Lig. ovarii 
proprium 

Corpus uteri 


Excavatio 

rectouterina 

(cul-de-sac) 



Fornix vaginae, 
pars posterior 

Fornix vaginae, 
pars anterior 

M. levator ani 

M. sphincter ani 
externus 


'Vall 


B Location of the female pelvic organs in midsagittal section 

a Viewed from the left side, the intestinum tenue and intestinum 
crassum, except for colon sigmoideum and rectum, have been re- 
moved. 

Note: In the female, the uterus and its ligaments are interposed be- 
tween the vesica urinaria and rectum. This leads to characteristic 
changes in the peritoneal relationships compared with the male pel¬ 
vis. The peritoneum is reflected from the anterior wall of the cavitas 
peritonealis onto the vesica surface as in the male, but from there it 
is reflected onto the anterior wall of the uterus. Because the uterus 
typically occupies an anteflexed and anteverted position on the ve¬ 
sica urinaria (see p. 318), the peritoneum between the vesica uri¬ 
naria and uterus forms a deep but narrow recess, the excavatio vesi¬ 
couterina. 

b MRI of the pelvis, sagittal section (from Hamm, B. et al.: MRT von 
Abdomen und Becken, 2. Aufl. Thieme, Stuttgart 2006). The image 
shows the uterus in the first half of the menstrual cycle (proliferative 
phase) with narrow endometrium and relatively low-signal intensity 
of the myometrium. 


Endo¬ 

Myo¬ 

Cavitas 


metrium 

metrium 

uteri 

Rectum 


b Vesica urinaria Urethra Vagina 
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Abdomen and Pelvis 


21. Topographical Anatomy 


21.24 Cross-Sectional Anatomy of the Male Pelvis 



Symphysis 

pubica 

Prostata 

Membrana 

obturatoria 

Gl. vesiculosa 


Funiculus 

spermaticus 


Os pubis, 
r. inferior 


Rectum with 
mesorectum 

N. ischiadicus 


Bulbus penis 


Mm. adductores 

A., v. and n. 
femoralis 


Urethra, pars 
prostatica 

M. levator ani 

M. obturatorius 
externus 

Os femoris 

Septum 

rectovesicale 

Tuber 

ischiadicum 

M. obturatorius 
internus 


M. gluteus Incisura Fossa 

maximus ischiadica minor ischioanalis 


N. pudendus, a. and 
v. pudenda interna 


A Location of the male pelvic organs in transverse section 

Section through the male pelvis at the level of the prostata, inferior 
view. 

The diagram shows the location of the prostata posterior to the rr. in¬ 
feriores ossis pubis and the symphysis pubica. Behind the prostata lie 


the sectioned gll. vesiculosae. The septum rectovesicale, an anteriorly 
oriented layer of connective tissue, extends between the prostata and 
rectum. It acts as a border between the mesorectum and the urogeni- 
tal organs. Laterally and posteriorly, the m. levator ani borders the fossa 
ischioanalis. 



B Transvesical sonography of the prostata 

a Schematic midsagittal section through the male pelvis to show su- 
prapubic probe positioning, viewed from the left side; b Normal find- 
ings of the prostata imaged in the transverse plane; c Sagittal section 
through the prostata (from: Reiser, M et al.: Radiologie [Duale Re i h e ], 2. 
Aufl. Thieme, Stuttgart 2006). 

Transvesical imaging of the prostata (P) is possible only when the vesica 


(HB) is sufficiently distended. Unlike transrectal sonography of the pros¬ 
tata, which allows for a differentiated assessment of the organ structure 
and facilitates proof that cancer has started to spread (see p. 330), su- 
prapubic transvesical sonography provides a three-dimensional image 
of the organ (transverse, sagittal and frontal planes) and measurement 
of the volume by using the formula V=0.523 x a x b x c. 
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27 . Topographical Anatomy 


Abdomen and Pelvis 


Peritoneum 

parietale 


Excavatio 

Vesica urinaria rectovesicalis 


Rectum 


Flexura 

sacralis 


Symphysis 

pubica 

Spatium 

retropubicum 

Lig. suspensorium 
penis 

Fascia penis 

Corpus cavernosum 
penis 

M. transversus 
profundus 

Corpus 

spongiosum 

penis 


Septum scroti 



M eso rectum 
Gl. vesiculosa 

Septum 

rectovesicale 

Ductus 

ejaculatorius 

Prostata 

Flexura perinealis 

Gl. bulbourethralis 


M. bulbospongiosus 


C Location of the male pelvic organs in sagittal section 

Midsagittal section, viewed from the left. 

The diagram shows the size and location of the vesica urinaria when it is 
significantly distended. When the vesica urinaria is empty, it is consider- 
ably smaller and lies behind the symphysis pubica and the peritoneum 
forms a transverse ridge on the surface of the vesica urinaria called the 
plica vesicalis transversa. The peritoneum extends from the vesica uri¬ 


naria to the anterior wall of the rectum and forms a small recess, the ex¬ 
cavatio rectovesicalis (lowest part of the male cavitas peritonealis). The 
peritoneum does not reach the prostata. 

Note the two curvatures of the rectum in the sagittal plane (flexura sa¬ 
cralis and flexura perinealis) and the septum rectovesicale along the 
posterior border of the prostata and gll. vesiculosae. 


Colon 

sigmoideum Os sacrum 


Gl. vesiculosa 


Fascia recti 


Vesica 

urinaria 

Prostata 


Mesorectum 

Septum 

rectovesicale 


Symphysis 

pubica 


Ampulla recti 
Canalis analis 



D Sagittal MRI scan of the male pelvis 
(T2-weighted TSE sequence) 

Note: On T2-weighted MRI scans, the peri- 
rectal fat tissue of the rectum (mesorectum) 
is hyperintense. The mesorectal fascia (rec- 
tal fascia = fascia pelvis visceralis), which sur- 
rounds the mesorectum can be demonstrated 
as a fine low-signal intensity line (from Hamm, 
B. et al.: MRT von Abdomen und Becken, 2. 
Aufl. Thieme, Stuttgart 2006). 
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Neurovascular Supply to the 
Organs: A Schematic Approach 


Thymus .400 

Oesophagus .401 

Heart.402 

Pericardium.403 

Lung and Trachea.404 

Diaphragma.405 

Hepar, Vesica Biliaris, and Splen .406 

Gaster .407 

Duodenum and Pancreas.408 

Jejunum and Ileum.409 


Caecum, Appendix Vermiformis, Colon Ascendens 
and Transversum .410 

Colon Descendens and Colon Sigmoideum.411 

Rectum .412 

Kidney, Ureter, and Glandula Suprarenalis.413 

Vesica Urinaria, Prostata, and Glandula Vesiculosa ... 414 

Testis, Epididymis, and Ductus Deferens.415 

Uterus, Tuba Uterina, and Vagina.416 

Tuba Uterina and Ovarium.417 


How to Use this Chapter 

Each of the sections in this chapter reviews the neurovascular sup¬ 
ply to an organ or group of organs in a schematized form. The fol- 
lowing subgroups are distinguished in the diagrams: 

• Arterial supply (red) 

• Venous drainage (blue) 

• Lymphatic drainage (green) 

• Innervation (yellow). 

The schematics can be used in various ways: 

• Reviewing for a test: The student can quickly obtain a basic grasp 
of neurovascular structures and pathways. 

• Looldng up a specific structure: The diagrams make it easy to 
locate and identify a particular neurovascular supply. 

• Understanding complex anatomy by appreciating the basic neu¬ 


rovascular supply to an organ in the diagrams and then referring 
back to the more complex anatomical relationships shown in ear- 
lier chapters. 

Points to keep in mind when using the schematics: 

• They reflect a simplified, idealized view. 

• Topographical anatomy is ignored, and the structures are not 
drawn to scale. 

• Organs that are in close proximity to each other but are sup- 
plied by different groups of neurovascular structures are shown 
in separate diagrams. 

• By and large, variants are disregarded. 

• In cases where the neurovascular supply is bilaterally symmetri- 
cal, only one side is shown. 






















Neurovascular Supply to the Organs 


Thymus 


22.1 Thymus 
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Neurovascular Supply to the Organs 


Oesophagus 


22.2 Oesophagus 


Arteries 
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Neurovascular Supply to the Organs 


Heart 


22.3 Heart 
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Neurovascular Supply to the Organs 


Pericardium 


22.4 Pericardium 
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Neurovascular Supply to the Organs 


Lung and Trachea 


22.5 Lung and Trachea 
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Neurovascular Supply to the Organs 


Diaphragma 


22.6 Diaphragma 
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Neurovascular Supply to the Organs 


Hepar, Vesica Biliaris, and Splen 


22.7 Hepar, Vesica Biliaris, and Splen 
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Neurovascular Supply to the Organs 


Gaster 


22.8 Gaster 
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Neurovascular Supply to the Organs 


Duodenum and Pancreas 


22.9 Duodenum and Pancreas 
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Neurovascular Supply to the Organs 


Jejunum and Ileum 


22.10 Jejunum and Ileum 



Veins 
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Neurovascular Supply to the Organs 


Caecum, Appendix Vermiformis, Colon Ascendens and Transversum 
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Neurovascular Supply to the Organs 


Colon Descendens and Colon Sigmoideum 


22.12 Colon Descendens and Colon Sigmoideum 
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Neurovascular Supply to the Organs 


Rectum 


22.13 Rectum 
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Neurovascular Supply to the Organs 


Kidney, Ureter, and Glandula Suprarenalis 


22.14 Kidney, Ureter, and Glandula Suprarenalis 
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Neurovascular Supply to the Organs 


Vesica Urinaria, Prostata, and Glandula Vesiculosa 


22.15 Vesica Urinaria, Prostata, and Glandula Vesiculosa 
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Neurovascular Supply to the Organs 


Testis, Epididymis, and Ductus Deferens 


22.16 Testis, Epididymis, and Ductus Deferens 
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Neurovascular Supply to the Organs 


Uterus, Tuba Uterina, and Vagina 


22.17 Uterus, Tuba Uterina, and Vagina 
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Neurovascular Supply to the Organs 


Tuba Uterina and Ovarium 


22.18 Tuba Uterina and Ovarium 
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Organ Fact Sheets 


Thymus.420 

Pericardium.421 

Cor(Heart).422 

Trachea, Bronchi, and Lungs.424 

Oesophagus.426 

Gaster (Stomach).427 

Intestinum Tenue: 

Duodenum.428 

Jejunum and Ileum.429 

Intestinum Crassum: 

Caecum with Appendix Vermiformis and Colon.430 

Rectum.431 

Hepar (Liver) .432 

Vesica Biliaris (Gallbladder) and Bile Ducts .433 

Pancreas.434 

Splen (Spleen) .435 

Glandulae Suprarenales (Suprarenal or Adrenal Glands). 436 

Renes (Kidneys).437 

Ureter.438 

Vesica Urinaria (Urinary Bladder).439 

Urethra.440 

Vagina.441 

Uterus and Tubae Uterinae (Uterine Tubes).442 

Prostata and Glandula Vesiculosa (Seminal Vesicle) .... 444 

Epididymis and Ductus Deferens.445 

Testis.446 

Ovarium.447 

























Organ Fact Sheets 


Thymus 


23.1 Thymus 


Location 


Shape and 
structure 


Neurovascular 

structures 

(see also p. 400) 


Function 


Embryonic 

deveiopment 


Major 

diseases 


Situated in the mediastinum superius posterior to the 
sternum, and anterior to the pericardium and major ves- 
sels at the basis cordis 

Projection on the thorax is referred to as the thymic tri- 
angle. 



Lymphoepithelial organ, usually consists of two lobi (left 
and right lobes). 

Delicate connective tissue capsule, and trabeculae that 
extend into the parenchyma subdividing the thymus into 
lobuli 

Each lobulus is divided into a (darker) cortex and (lighter) 
medulla. Epithelial cells form a densely packed subcap- 


sular layer around the fibrous trabeculae (blood-thymus 
barrier) and join together inside the thymus to form a 
three-dimensional network that encloses the lympho- 
cytes. Epithelial cells in the medulla aggregate to form 
HassalLs corpuscles. 

Other cell types: macrophages, myoid cells, dendritic 
cells 


Mediastinal circulation. Owing to its location in the medi¬ 
astinum superius, the thymus is supplied by the neurovas¬ 
cular structures of the mediastinum (entering and exiting 
the head). 

Arteries: rr. thymici arising from the a. thoracica interna 
(proximity to sternum); 

Veins: vv. thymicae drain into the vv. brachiocephalicae. 


Lymphatic drainage: through the nll. brachiocephalici into 
the trunci bronchomediastinales 
Autonomic innervation: 

- parasympathetic through both nn. vagi, especially the 
nn. laryngei recurrentes 

- sympathetic through branches of the ganglia cervica¬ 
lia (nn. cardiaci cervicales) 


Maturation and differentiation (conferring immunologi- 
cal competence) of T-cells 

Induction of programmed cell death (apoptosis) in 
T-cells that respond to antigens: approximately 90% of 
immature T-cells die in the thymus. 

Production of immune-modulating hormones (thymo- 
sin, thymopoietin, thymulin) 

Primary lymphatic organ 


Note: The thymus is an organ “of childhood and ado- 
lescence.” It reaches its maximum size during puberty 
(approximately 30 grams). The degree of atrophy of thymic 
tissue in adults varies. 


The thymic epithelium is derived from the epithelium of 
the saccus pharyngeus tertius (endodermal origin). 

The epithelial primordium is populated with lympho- 
cytes (mesodermal origin). 


Disorders of the thymus are very rare 
Absence of the thymus may be life-threatening (thymic 
aplasia), resulting in lack of cellular immunity 
Lymphatic diseases (e.g., certain types of leukemia) may 
affect the thymus 


Thymomas: tumors that originate from the epithelial 
cells of the thymus, and because of the immunologic 
function of the thymus are often accompanied by auto¬ 
immune diseases: myasthenia gravis (muscle weakness). 
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Organ Fact Sheets - Pericardium 


23.2 Pericardium 


Location Situated in the thorax (mediastinum medium) 



Shape and 
structure 


Fibrous sac that surrounds the cor consisting of 

• Pericardium fibrosum (outermost layer composed of 
dense connective tissue; extends to the roots of the 
great vessels at the basis cordis); 

• Pericardium serosum (serous membrane) with 

- lamina parietalis (adhered to the pericardium fibro¬ 
sum), 

- lamina visceralis (epicardium, attached to the myocar¬ 
dium); 


Between laminae parietalis and visceralis: cavitas peri¬ 
cardiaca (narrow space); 

At the location where the lamina visceralis is folded back 
onto the lamina parietalis near the basis cordis, two 
sinuses are formed: 

- sinus transversus pericardii (between the arteries and 
veins) 

- sinus obliquus pericardii (between the vv. pulmonales 
sinistrae and dextrae). 


Openings • One for the aorta ascendens 

• One for the truncus pulmonalis 

• Two for both vv. cavae 

• Four for the four vv. pulmonales. 


Neurovascular • Mediastinal circulation 

structures • Arteries: a. pericardiacophrenica (from the a. thoracica 
(see also p. 403) interna) 

• Veins: v. pericardiacophrenica (to the v. brachiocephal¬ 
ica) 

• Lymphatic drainage: nll. prepericardiaci, nll. pericardiaci 


laterales (also nll. phrenici superiores and nll. tracheo¬ 
bronchiales into the truncus bronchomediastinalis) 
Autonomic innervation: negligible 
Somatosensory innervation: n. phrenicus (from the plexus 
cervicalis) 


Function Provides sliding-surface for the heart, however the pericar¬ 
dium is not essential for life. 


Embryonic 

development 


Derived from mesoderma laminae lateralis: 

• Visceral parts derived from mesenchyma splanchno- 
pleurale 


Parietal parts derived from mesenchyma somatopleu- 
rale 


Major • Pericarditis: inflammation usually caused by viral or bac- 
diseases terial infection. 

• Tuberculous pericarditis, which is rare nowadays, can 
lead to pericardial calcium deposits. As a resuit, the 


heart can no longer expand; it is constricted (also known 
as constrictive pericarditis). 
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23.3 Cor (Heart) 


Location • Located in the thorax within the pericardium. 

• The basis cordis is directed upward, backward, and to 
the right. The basis cordis is the location of the venous 
entry and arterial exit points (vv. cavae inferior and supe¬ 
rior, vv. pulmonales, aorta ascendens and truncus pul¬ 
monalis). 



The apex cordis is 
directed downward, for- 
ward and to the left. 

The longitudinal axis of the cor (from the base to the 
apex, the anatomical axis of the cor) is at a 45-degree 
angle to all body planes. 


Shape and • Hollow organ, shaped like a cone: measures 12-14 cm in 
structure length, 9 cm in width at its broadest part. 


Weight: up to 300 g. 


External 
structures of 
the cor 


Internal 
structures of 
the cor 


• Surfaces: 

• Auriculae atrii: (auricula sinistra/dextra): protrusions 

- facies sternocostalis (facies anterior) 

attached to the atria (analogous to the primitive atria; 

- facies pulmonales dextra and sinistra 

potential site for thrombus formation) produce atrial 

- facies diaphragmatica (facies inferior) 

natriuretic peptide (ANP) for regulation of blood pres¬ 

• Grooves on the outside of the cor: 

sure. 

- sulci interventriculares anterior/posterior 


- sulcus coronarius 



Chambers and openings of the cor 

• Four contractile chambers: 

- two atria: atria sinistrum and dextrum separated by 
the septum interatriale (muscle); 

- two ventriculi: ventriculi sinister and dexter, sepa¬ 
rated by the septum interventriculare (pars muscu¬ 
laris and pars membranacea, thus part muscle and 
part connective tissue); both ventriculi have an inflow 
tract (with trabeculae carneae) and an outflow tract 
(smooth-walled) following the direction of blood 
flow. 

• Four openings that connect the atria and ventriculi, the 
ventriculus dexter and truncus pulmonalis, and the ven¬ 
triculus sinister and aorta ascendens: 

- two openings in the right side of the cor: ostium atrio¬ 
ventriculare dextrum and ostium trunci pulmonalis; 

- two openings in the left side of the cor: ostium atrio¬ 
ventriculare sinistrum and ostium aortae. 

• Additionally, openings for the two vv. cavae (in the 

atrium dextrum) and the four vv. pulmonales (in the 
atrium sinistrum, see flow of blood below) as well as the 
ostium sinus coronarii (in the atrium dextrum: opening 
of sinus coronarius with the valvula sinus coronarii). 

Flow of blood through the heart chambers 

• Generally: from the right cor to the lungs (oxygen 
absorption), from there to the left cor and then to the 
aorta (oxygen is released to serially connected organs) 

• More specifically: from the vv. cavae superior and inferior 
into the atrium dextrum, from there through the ostium 
atrioventriculare dextrum to the ventriculus dexter and 
through the ostium trunci pulmonalis to the truncus pul¬ 
monalis, through both of the aa. pulmonales, and into 
the lungs; from there to the four vv. pulmonales, then to 
the atrium sinistrum and through the ostium atrioven¬ 
triculare sinistrum to the ventriculus sinister and finally 


through the ostium aortae to the aorta. 

Cardiae valves 

• By closing and opening (mm. papillares, see below) four 
valves ensure that blood flows in only one direction 
through the cor: 

- two valvae atrioventriculares; 

- two semilunar valves (valva trunci pulmonalis and 
valva aortae). 

During ventricular contraction, the valvae atrioventricu¬ 
lares prevent backflow of blood from the ventriculi into 
the atria; when the ventriculi relax, the semilunar valves 
prevent the return of blood from the truncus pulmonalis 
and aorta ascendens back into the ventricles. 

• Valves of the right side of the cor: 

- valva atrioventricularis dextra at the ostium atrioven¬ 
triculare dextrum = cuspid valve with three cusps: 
cuspides septalis/anterior/posterior = tricuspid valve; 

- valva trunci pulmonalis at the ostium trunci pulmo¬ 
nalis in the outflow tract of the ventriculus dexter = 
semilunar valve with three cusps: valvula semilunares 
anterior/sinistra/dextra; 

• Valves of the left side of the cor: 

- valva atrioventricularis sinistra at the ostium atrio¬ 
ventriculare sinistrum = cuspid valve with two cusps 
= bicuspid valve: cuspides anterior/posterior = valva 
mitralis; 

- valva aortae at the ostium aortae in the outflow tract 
of the ventriculus sinister = semilunar valve also with 
three cusps: valvulae semilunares posterior/sinistra/ 
dextra. 
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Neurovascular 

structures 

(see also p. 402) 


Function 


Embryonic 

Development 


Major 

diseases 


Crooves and crests on the inner walls of the chambers 
of the cor 

Grooves (only in the atria): 

• Right: fossa ovalis in the septum interatriale is the 
embryonic remnant of the foramen ovale. 

• Left: valvula foraminis ovalis is the counterpart of the 
fossa ovalis on the right side. 

Crests (in atria and ventriculi): 

• Atria dextrum and sinistrum: mm. pectinati: ridge-like 
muscle protrusions in the auricula, see above, corre- 
spond to the primitive atrium of the embryonic cor. 

• Ven triculi d exte randsinister: 

- trabeculae carneae (muscular columns that line the 
ventriculi; more prominent in the ventriculus dexter 
than in the ventriculus sinister) 

- mm. papillares: specialized extensions of the trabec¬ 
ulae carneae that project into the lumen of the ven¬ 
triculus; prevent the inversion or prolapse of valves 
during ventricular contraction 

- in the ventriculus dexter: three mm. papillares for the 
three cusps of the valva tricuspidalis, see above, (ante¬ 
rior, posterior, and septalis) 

• Mediastinal circulation 

• Arteries: a. coronaria sinistra (with r. interventricula¬ 
ris anterior and r. circumflexus) and a. coronaria dextra 
(with r. interventricularis posterior), both arise from the 
aorta ascendens where it exits the ventriculus sinister. 

• Veins: vv. cardiacae (magna, media, parva), like the v. 
ventriculi sinistri posterior, the vv. cardiacae return blood 
to the atrium dextrum through the sinus coronarius. 

• Lymphatic drainage: through the nll. brachiocephalici and 

The cor functions as a suction-pressure pump to distribute 
blood around the body (heart volume approximately 780 
ml, ventricular stroke volume 70 ml). 

• The heartbeat can be felt as pulse (resting heart rate ~1 
Hz). 

• Cardiae activity is divided into two phases: systole (con¬ 
traction of the myocardium) and diastole (relaxation of 
the myocardium). 

• Contraction of the ventricular myocardium (closure 
of the AV valves) and closure of the valvae aortae and 
trunci pulmonalis are audible as the first and second 
heart sounds. 

• Cardiae excitation conduction system composed of spe¬ 
cialized myocardial cells: impulses are generated by the 
nodus sinuatrialis (SA node) in the atrium dextrum adja- 

Of mesodermal origin, derived from the primitive cor tubu¬ 
lare and subsequently formed ansa cordis. 

• Heart diseases are important and are the leading cause 
of death in the industrialized world: myocardial infarction 
= occluded aa. coronariae that lead to inadequate blood 
flow to distinet parts of the myocardium, which results 
in myocardial necrosis 

• Arrhythmia and dysfunction of the conduction system 

• Valve defects (congenital or caused by inflammation of 
the endocardium) = incomplete opening of the valve 
(valve stenosis) or incomplete valve closure (valve insuf- 


- in the ventriculus sinister: two mm. papillares for the 
two cusps of the bicuspid valve (valva mitralis), see 
above (mm. papillares anterior and posterior) 

Skeleton of the cor 

The heart valves all lie in one plane (valve plane) and are cov- 
ered by endocardium. The valve rings are composed of dense 
connective tissue. AII anuli fibrosi, together with the collage- 
nous bands through which they are connected, form the car- 
diac skeleton. 

Layers of the heart wall 

The wall of the cor consists of three layers. From the inside 
to the outside they are 

• endocardium (simple squamous epithelium): lines the cav- 
ities of the cor and covers the heart valves; 

• myocardium (muscle, the fibers of which are arranged in 
different directions): muscle fibers roughly arranged in 
three layers; 

• epicardium (tunica serosa of the pericardium, simple squa¬ 
mous epithelium): strictly speaking, it is part of the pericar¬ 
dium, although it is often referred to as part of the cor. 

the nll. tracheobronchiales into the truncus bronchome¬ 
diastinalis 

• Autonomic irmervation: parasympathetic through the two 
nn. vagi (rr. cardiaci cervicales and thoracici). The neu- 
ronal cell bodies are in the nuclei posteriores nervorum 
vagorum; sympathetic through branches of ganglia tho¬ 
racica 2-5 (nn. cardiaci cervicales superior, medius and 
inferior) and rr. cardiaci thoracici. 


cent to the opening of the v. cava superior. Excitation is 
spread to the ventriculi through the nodus atrioventricu¬ 
laris (AV node), at the junction of atrium dextrum and 
ventriculus dexter, and then through the fasciculus atrio¬ 
ventricularis (bundle of His) with its crura dextrum and 
sinistrum, which terminate in the Purkinje fibers. 

Note: Because of its autonomous excitation, the cor can trig- 
ger the impulse that generates the heartbeat. Even an iso- 
lated heart beats. The autonomic innervation (see above) 
modifies only the activities of the autonomous excitation 
and conduction system. The parasympathetic nervous sys¬ 
tem reduces the heart rate and atrioventricular conduction. 
The sympathetic nervous system increases both as well as 
the stroke volume. 


ficiency) 

• With myocardial injuries without damage to the pericar¬ 
dium, the cor continues to pump blood into the cavitas 
pericardiaca until cardiac arrest occurs ( cardiac tampon- 
ade). 

• Generally: formation of pathological blood clots (throm¬ 
boses) in the cor, which may travel through the blood 
stream, for example, to the encephalon. 
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23.4 Trachea, Bronchi, and Lungs 


Location • Pars cervicalis of the trachea situated in the neck 

• Pars thoracica of the trachea and bronchi principales sit¬ 
uated in the mediastinum 

• Bronchi lobares and all segments inferior: intrapulmo- 
nary location 

• Lungs: situated on either side of the mediastinum 

• Surface of the lung covered by pleura visceralis (pleura 



pulmonalis). Onthefacies 
mediastinalis at the lig. 
pulmonale the pleura parietalis is folded back onto the 
pleura visceralis. 


External 
structure 
ofthe lung 


Shape and 
structure 
of the airways 


Structure ofthe 
airway wall 


Internal 
structure of 
the lungs 


Apex pulmonis 
Basis pulmonis 

Lobi pulmonis. Three lobi in the right lung: lobus supe¬ 
rior, lobus medius, and lobus inferior; two in the left 
lung: lobus superior and lobus inferior 
Fissures, two in the right lung: fissura horizontalis below 
the lobus superior; fissura obliqua between the lobus 
medius and lobus inferior. In the left lung one fissura 
obliqua between the lobi superior and inferior 
Two margines: margines anterior and inferior 


• Four surfaces: facies costalis (adjacent to the ribs), facies 
diaphragmatica (at the basis pulmonis, adjacent to the 
diaphragma), facies mediastinalis (adjacent to the medi¬ 
astinum), facies interlobaris (in the fissurae between 
lobi) 

Note: A term for the posterior margin of the lung (where 
the facies costalis and mediastinalis meet) is not listed in 
the official Terminologia Anatomica. 


• Generally: tubes that divide by dichotomous branching 
with decreasing caliber 

• The intrapulmonary airways, connective tissue, and neu- 
rovascular structures form a spongy organ—the paired 
pulmones. 

Structure of the trachea and arbor bronchialis: 

• Trachea to bronchioli terminales = conducting (carrying 
air) portion. 

• Bronchioli terminales to alveoli = respiratory (gas 
exchange) portion. 

Components ofthe conducting portion: 

• Pars cervicalis of the trachea: first tracheal ring, see 
below, to apertura thoracis superior 

• Pars thoracica of the trachea: apertura thoracis superior 
to bifurcatio tracheae 

• At the bifurcatio tracheae: division of the trachea into 
the bronchi principales dexter and bronchi principales 


dexter 

• Division of the bronchus principalis dexter into three 
bronchi lobares: bronchi lobares superior dexter, medius 
and inferior dexter 

• Division of the bronchus principalis sinister into two 
bronchi lobares: bronchi lobares superior sinister and 
inferior sinister 

• Division of the bronchi lobares into bronchi segmen¬ 
tales: ten bronchi segmentales in the right lung and nine 
bronchi segmentales in the left lung 

• Division of the bronchi segmentales into bronchi 
intrasegmentales 

Components of the respiratory portion: 

• Bronchioli respiratorii: first to third order (where alveoli 
begin to appear) 

• Ductuli alveolares 

• Sacculi alveolares 


Trachea: 

• Generally similar in structure to the trachea. 


• Flollow, tubular organ with 16-20 horseshoe-shaped 

• Concentric or spiral sheets of smooth-muscle cells in all 

cartilage rings 

bronchi (active changes in caliber) 


• Tracheal rings joined together by collagen and elastic 

• In bronchi segmentales and intrasegmentales 

cartilagi- 

fibers (ligg. anularia) 

nous plates instead of cartilage rings 


• Tunica mucosa of the trachea covered with respiratory 

• Pseudostratified respiratory epithelium like 

tracheal 

epithelium, contains multiple glands (gll. tracheales). 

mucosa 


• Posterior tracheal wall: non-cartilaginous, composed of 
connective tissue (membranous wall of trachea), perme- 
ated by smooth-muscle cells (m. trachealis). 

Starting from the bronchioli respiratorii: 

• Non-cartilaginous walls 

• Ciliated epithelium with type 1 and type II pneumocytes 

Bronchi principales, lobares, segmentales and 
intrasegmentales: 

(in the alveoli) 



Structure of the airways determines the structure 
ofthe pulmones: 

• Both lungs aerated by trachea. 

• Bronchi principales (sinister and dexter, respectively) 
each aerate one lung (sinister and dexter, respectively). 

• Bronchi lobales each aerate one lobus. 

• Bronchi segmentales each aerate one segmentum bron¬ 


chopulmonale. 

Bronchioli terminales each aerate one lobulus (pulmo- 
nary lobule). 

Bronchioli respiratorii each aerate one acinus; a group of 
acini forms a lobulus. 
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Neurovascular 

structures 

(see also p. 404) 


Function 


Embryonic 

development 


Major diseases 


Mediastinal circulation 

• The intrapulmonary neurovascular structures in the lung 
either run along the divisions of the arbor bronchialis or 
within the connective tissue framework. 

• Characteristic feature of the lungs: two circulation Sys¬ 
tems: rr. bronchiales (aortae) and vv. bronchiales to sup- 
ply the lung itself, and aa. and vv. pulmonales for gas 
exchange through the entire body. 

Bronchial arteries and veins: 

• Arteries: rr. bronchiales directly from the aorta thoracica 
or indirectly from aa. intercostales posteriores 

• Veins: on the right, vv. bronchiales to the v. azygos, on 
the left to the v. hemiazygos or v. hemiazygos accessoria 

Arteriae and venae pulmonales: 

• Arteries: the aa. pulmonales (sinistra, dextra) carry deox- 
ygenated blood from the truncus pulmonalis. Segmental 


branches (aa. segmentales) of the aa. pulmonales follow 
the bronchi segmentales into the center of one of the 10 
or 9 segmenta bronchopulmonalia. 

• Veins: drainage of oxygenated blood usually through 
four vv. pulmonales into the atrium sinistrum of the cor 

• Lymphotic drainage: through the nll. intrapulmonales, 
bronchopulmonales, tracheobronchiales, and paratra¬ 
cheales into the trunci bronchomediastinales 

• Autonomic innervation: 

- parasympathetic through the two nn. vagi to the 
plexus pulmonalis, 

- sympathetic through branches mainly from ganglia 
thoracica 2 or 3-4 (varies), also to the plexus pulmon¬ 
alis 


Generally, the exchange of oxygen and carbon dioxide 
between the atmosphere and blood circulation, more spe- 
cifically: 

• Trachea and bronchi as well as their divisions (arbor 
bronchialis) except for the finest terminal portions: air 
conduction 

• Final divisions of the arbor bronchialis (alveoli): gas 
exchange between atmosphere and blood; thus the 
important role of the lungs for 

- energy production: oxygen is extracted from the 
atmosphere for oxidation processes. 


- regulation of acid-base balance (release of carbon 
dioxide in the air when exhaling and thus influencing 
bicarbonate levels in the blood) 

• Following changes in the thoracic volume through the 
pleural layers (capillary forces cause the pleura visceralis, 
which is attached to the lungs, to adhere to the pleura 
parietalis, which is attached to the inner surface of the 
thoracic waII); a change in lung volume leads to a change 
in intrapulmonary pressure resulting in drawing in or 
expelling air from the lungs. 


Of endodermal origin, derived from the cranial praeen- 
teron: 

• Gemma respiratoria or diverticulum laryngotracheale 
develops from a small outpouching on the ventral sur¬ 
face of the embryonic oesophagus. 

• Gemma respiratoria undergoes repeated dichotomous 
branching (total of 22) to give rise to the trachea along 


with the arbor bronchialis including the alveoli. 

Note: The lungs are fully matured at approximately the age 
of 10. 


The arbor bronchialis and lungs are the parts of the body 

most commonly affected by diseases (entry points for 

infectious pathogens): 

• Acute inflammation of the arbor bronchialis (bronchitis, 
bronchial catarrh, cold) is usually caused by viral infec- 
tions and is generally harmless. 

• Chronie inflammation (chronie bronchitis) is much more 
common in smokers. 

• Bronchial asthma (often triggered by allergies) is a resuit 
of insufficient expansion of small bronchi and bronchioli 
during expiration. 

• Lung overexpansion and rupture of the alveoli (pulmo- 
nary emphysema) 

• Chronie obstructive pulmonary disease (COPD): end- 
stage of the three previously mentioned diseases, with 
destruction of gas exchange tissue 


• Malignant tumors (bronchial carcinoma) is among the 
leading causes of death for smokers. 

• Pulmonary embolism: Acute occlusion of an a. pulmona¬ 
lis (or one of its branches) is caused by a blood clot that 
most commonly was formed in a vein and carried from 
the right cor to the lung. In that case it is crucial that 
the pulmones possess a double circulation. Blood from 
the bronchial branches is sufficient to supply the tissue. 
Flence, blockage of the a. pulmonalis does not resuit in 
tissue undersupply and subsequent destruction. 
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23.5 Oesophagus 


Location Situated in the neck and thorax (mediastinum) between the trachea and columna vertebra¬ 
lis, as well as in the abdomen 



Shape, size 
and segments 


Esophageal 

constrictions 

(maximum width 
of 14 mm instead 
of the usual 
20 mm) 

Wall structure 


Neurovascular 

structures 

(see also p. 401) 


Function 


Embryonic 

development 


Major diseases 


• Tubular organ, measures about 23-27 cm in length from 
the entrance of the oesophagus to its terminal portion. 

• Measures about 20 mm in width (but see constrictions 
of the oesophagus). 

Divided into three parts corresponding to the regions of 
the body they are located in (see above) 


Pars cervicalis (C6-T1): to the apertura thoracis supe¬ 
rior 

Pars thoracica (T1 -T11): to the hiatus oesophageus (site 
where the oesophagus passes through the diaphragma) 
Pars abdominalis: to the ostium cardiacum of the gaster 
(shortest segment, measures only 2-3 cm in length, lies 
intraperitoneally). 


Upper constriction: constrictio pharyngooesophagealis 
at the C6 level; 14-16 cm from the dentes incisivi 
Middle constriction: constrictio partis thoracicae at the 
T4/T5 level; 25-27 cm from the dentes incisivi, oesoph¬ 
agus passes to the right of the aorta thoracica. 


Lower constriction: constrictio phrenica at the T10/T11 
level; 36-38 cm from the dentes incisivi, site where the 
oesophagus pierces the diaphragma; functional closure 
of the esophagus by muscles and venous cushions of the 
oesophageal wall, and muscles of the diaphragma 


Basically the same as in the gastrointestinal tract: tunica 
mucosa, tela submucosa, tunica muscularis, and tunica 
adventitia, or in the lower part in proximity to the gaster: 
tela subserosa and tunica serosa. 

Tunica mucosa with stratified non-keratinized squa- 
mous epithelium (has no digestive function but provides 
mechanical protection against passing food, lubricated 
by gll. oesophageae) 

Musculature in the upper oesophagus (variable degree 


of expansion), striated (like the mm. pharyngis), in the 
middle and lower part smooth muscle (like the gaster), 
the lower part contains numerous veins. 

Muscles also contain fibers that wind obliquely around 
the oesophagus. 

Combination of circular and longitudinal muscle fibers 
allows for the expansion and constriction of the oesoph¬ 
ageal inlet and outlet (swallowing). 


Primarily mediastinal circulation (pars thoracica); to 
a lesser extent also cervical (pars cervicalis) and upper 
abdominal circulation (pars abdominalis) 

Arteries: numerous rr. oesophageales of the a. thyroidea 
inferior (pars cervicalis), aorta thoracica (pars thoracica), 
and a. gastrica sinistra (pars abdominalis) 

Veins: numerous vv. oesophageales to the v. thyroidea 
inferior (pars cervicalis), vv. azygos and hemiazygos 
(pars thoracica), and v. gastrica sinistra (pars abdomina- 
lis) 

Lymphatic drainage through the nll. juxtaoesophageales 
into the nll. cervicales profundi (pars cervicalis), trunci 


bronchomediastinales (pars thoracica) and nll. gastrici 
sinistri (pars abdominalis) 

Autonomic innervation : 

parasympathetic through the two nn. vagi (trunci 
vagales), in the neck region specifically through the nn. 
laryngei recurrentes. Neurons for the smooth esopha¬ 
geal muscles in the nucleus posterior nervi vagi, neurons 
for the striated muscles in nucleus ambiguus 
sympathetic through branches of ganglia thoracica 2-5. 

The autonomic fibers form the plexus oesophageus on 
the oesophagus. 


During swallowing, active transport of solids and liquids 
from the pharynx to the gaster; when vomiting, transport 


of gaster contents from the gaster to the pharynx 


Derived from the endoderm of the cranial praeenteron. 
Lower part of the mesoesophagus may remain in the form 
of the lig. hepatoesophageale (connects hepar to pars 
abdominalis of oesophagus). 


Note: As a resuit of the rotation of the gaster in the embryo, 
the oesophagus also shifts slightly. Thus, the longitudinal 
layer of the smooth esophageal muscles is arranged in a 
rightward spiral pattern. 


Diseases of the oesophagus itself (rare except for esophageal 

reflux): 

• Diverticulum (outpouchings of the wall), most common 
at the junction between the hypopharynx (pars laryngea 
pharyngis) and oesophagus (also known as Zenker’s diver¬ 
ticulum, which is not an esophageal but a hypopharyngeal 
diverticulum). 

• Malignant tumors (esophageal carcinoma; relatively rare) 

• Inflammation of the tunica mucosa oesophagi as a resuit 
of chronie alcohol consumption 

• Esophageal reflux: inflammation of the esophageal epithe¬ 


lium caused by reflux of stomach acid; caused by insuffi- 
cient closing mechanisms at the junction of the oesopha¬ 
gus and gaster. 

• Barretfs oesophagus: as a resuit of chronie esophageal 
reflux, the columnar epithelium of the gaster may replace 
the squamous epithelium of the oesophagus: increased 
risk of cancer. 

In the case of liver cirrhosis, abnormally enlarged esophageal 
veins (esophageal varices: hemorrhagic risk) serve as a porta- 
caval detour (drainage into the azygos system!). 
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23.6 Gaster (Stomach) 


Location Lies introperitoneolly in the left upper quadrant (=epigastrium). 



Shape and • Sac-like hollow organ with parietes anterior and poste- 
segments rior; different shapes may be encountered (hook-shaped 

gaster, bull-horn-shaped gaster, long gaster). 

• Four parts of the gaster in cranial to caudal direction: 

- top right: cardia = ostium cardiacum = esophageal 
inlet 

- fundus gastricus (base or dome of the gaster; appears 
on radiographs as an air-filled space above a fluid 
level) 

- corpus gastricum 

- bottom right: pars pylorica of gaster = pylorus with 
antrum pyloricum and canalis pyloricus; stomach ter- 
minates at the pylorus, which closes the ostium pylor¬ 


icum (exit from the gaster into the duodenum) 

The corpus gastricum has two curvaturae: 

- curvatura minor, faces right and upward, omentum 
minus (connects the hepar to the gaster) extends 
from it. 

- curvatura major, faces left and downward, omentum 
majus extends from it. 

The gaster has two notches: 

- the incisura cardialis at the junction between the car¬ 
dia and the corpus gastricum 

- the incisura angularis at the junction between the 
corpus gastricum and the pylorus 


Wall 

structure 


Neurovascular 

structures 

(see also p. 407) 


• Basically the same wall structure as the entire gastro- 
intestinal tract: tunica mucosa, tela submucosa, tunica 
muscularis, and tela subserosa and tunica serosa. 

• Exception: tunica muscularis consists of three layers: 
fibrae obliquae, stratum circulare and stratum longitudi¬ 
nale (important for peristaltic motion). 

Upper abdominal circulation. 

• Arteries : owing to the location in the upper abdomen, all 
aa. gastricae arise directly (a. gastrica sinistra) or indi- 
rectly (through the a. hepatica communis or a. splen¬ 
ica) from the truncus coeliacus: aa. gastricae sinistra and 
dextra supply the curvatura minor, aa. gastroomentales 
sinistra and dextra supply the curvatura major; variably 
an a. gastrica posterior for the paries posterior of the 
gaster. 

• Veins: vv. gastricae sinistra and dextra, vv. gastroomen¬ 
tales sinistra and dextra, v. prepylorica and vv. gastricae 
breves directly or indirectly (v. splenica or v. mesenterica 


Tunica mucosa contains specialized glandular cells that 
produce HCI and intrinsic factor (parietal cells), pepsino- 
gen (chief cells; protein digestion) and mucus (surface 
epithelial cells and accessory cells, mucin-producing; 
protection against self-digestion). 


superior) into the v. portae hepatis 
Lymphatic drainage: through groups of nodi lymphoidei 
at the curvatura minor (nll. gastrici sinistri and dextri), 
curvatura major (nll. gastroomentales sinistri and dex¬ 
tri), and at the pylorus (nll. pylorici) into the nll. coeliaci 
and from there into the cisterna chyli 
Autonomic innervation: 

- parasympathetic through the two nn. vagi (trunci 
vagales) 

- sympathetic, primarily through the n. splanchni¬ 
cus major and partially through the nn. splanchnici 
minores (through the ganglia coeliaca) 


Function • Temporary reservoir for food, hence its large volume 
(1.2-1.8 L) and high elasticity. 

• Start of digestive process requirements: 

- production of gastric juice containing HCI (approxi- 
mately 2 L per day, responsible for protein denatur- 
ation and sterilizing food, HCI concentration 5 M/L) 
and protein-digesting enzymes (pepsin) 


liquefaction and mechanical grinding (through per¬ 
istaltic motion of the paries gastricus) of food into 
chyme which is passed in small amounts through 
the pylorus to the duodenum. Peristaltic transport of 
chyme 

secretion of intrinsic factor for the intestinal resorp- 
tion of vitamin B 12 


Embryonic • Of endodermal origin, derived from the praeenteron. 
development • The gaster has a mesogastrium dorsale and a mesoga- 
strium ventrale that develop into the omentum majus 
and minus, respectively. 

• As the gaster and the mesogastrium rotate, the hepar 


and splen shift to the right and left upper quadrants and 
the duodenum comes to lie retroperitoneally. 


Major • Acute and chronie inflammation (gastritis) 
diseases • Ulcer (often caused by a type of bacteria called Helico- 
bacter pylori) 


Malignant gastric tumor (gastric carcinoma) 
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23.7 Intestinum Tenue: Duodenum 


Location • Largely secondarily retroperitoneal in the right upper 
quadrant just below the hepar, with approximately 2 cm 
of the superior part in proximity to the gaster remaining 
intraperitoneal. 

• As a resuit of the tilt and rotation of the gaster during 
embryonic development the duodenum shifts to the 


right, superior and pos¬ 
terior. 



Shape and 

• Hollow, tubular organ, in anterior view: c-shaped 

- pars descendens 

parts of the 

• Shortest segment of the intestinum tenue and has a 

- pars inferior or horizontalis 

duodenum 

length of approximately 12 finger-widths 

- pars ascendens 


• 4 parts from top to bottom: 



- pars superior 



Wall 

structure 


Neurovascular 

structures 

(see also p. 408) 


Function 


Basically the same wall structure as the entire gastro- 
intestinal tract: tunica mucosa, tela submucosa, tunica 
muscularis (with strata circulare and longitudinale), tela 
subserosa, and tunica serosa or adventitia, with the pli¬ 
cae longitudinales duodeni being the most distinet and 
diminishing in size toward the end of the intestinum 
tenue. 


Tunica mucosa with specialized circular folds (also 
known as Kerckring’s folds). Gll. duodenales (also known 
as Brunner’s glands) open into the intestinal lumen. 


Upper abdominal circulation and superior mesenteric cir- 
culation 

• Arteries: indirect branches of the truncus coeliacus (rr. 
duodenales of the a. gastroduodenalis with aa. pancre¬ 
aticoduodenales superiores anterior and posterior) and 
the a. mesenterica superior (small branches of the a. 
pancreaticoduodenalis inferior) 

• Veins: drainage via the vv. pancreaticoduodenales into 
the v. portae hepatis 


Lymphatic drainage: indirectly through the nll. pancreati¬ 
coduodenales and pancreatici to the nll. coeliaci or into 
the truncus intestinalis 
Autonomic innervation: 

- parasympathetic primarily through the right n. vagus 
(truncus vagalis posterior) 

- sympathetic through the nn. splanchnici majores 
(ganglia coeliaca) 


Digestion of food through enzymatic breakdown of car- 
bohydrates, fat, and proteins. The enzymes are pro- 
duced by the duodenal epithelium or are secreted by 
the pancreas and released through the papilla duodeni 
major (opening of the joined ductus choledochus and 
ductus pancreaticus) and papilla duodeni minor (open¬ 
ing of the ductus pancreaticus accessorius) into the duo¬ 
denal lumen. The addition of the ductus choledochus 
serves to supply bile for emulsifying fat. 


• Transport of absorbed nutrients in the bloodstream 
directly to the hepar (with the exception of fats) 

• Peristaltic transport ofehyme 

Note: Gallstones may obstruet the common opening for the 
ductus choledochus and pancreaticus, and reflux of pancre- 
atic juice that contains highly active enzymes may cause an 
acute inflammation of the pancreas (pancreatitis). 


Embryonic 

development 


Major 

diseases 


Of endodermal origin, derived from the praeenteron 
Mesoduodenum dorsale and a smaller mesoduodenum 
ventrale 


Note: The duodenal epithelium gives rise to the primordia 
for the hepar, vesica biliaris, and pancreas. 


Duodenal ulcer 

Acute and chronie inflammation (duodenitis) 
Malignant tumors (very rare) 


428 












Organ Fact Sheets 


Intestinum Tenue 


23.8 Intestinum Tenue: Jejunum and Ileum 


Location • Lies intraperitoneally between the mesocolon transver¬ 
sum and the level of the apertura pelvis superior in the 
upper part of the cavitas peritonealis. 

• Defining their location by reference to skeletal land- 
marks is not useful because the small bowel loops are 


very mobile, generally- 
surrounded and framed 
by the intestinum crassum. 



Shape and • Hollow, tubular organ with numerous loops 

parts • Longest single organ (measures up to 5 m), ensures long 

transit time of food: jejunum (longest single segment) 
accounts for approximately 2 A of the entire length; ileum 


accounts for approximately 1/3. 

Note: The ileum is connected in an end-to-side fashion to 
the caecum. 


Wall • Basically the same wall structure as the entire gastroin- 
structure testinal tract: tunica mucosa, submucosa, tunica muscu¬ 
laris (with strata circulare and longitudinale), tela subse¬ 
rosa, and tunica serosa. 

• Tunica mucosa with numerous plicae and villi. Plica height 
decreases from proximal to distal, thus from jejunum to 


ileum. 

Tela submucosa (particularly in the pars terminalis ilei) 
with distinet collections of lymphoid follicles for immune 
response to antigens present in intestinal contents (nod¬ 
uli lymphoidei aggregati = Peyer’s patehes). Effect of oral 
inoculation is based on the stimulation of Peyer’s patehes. 


Neurovascular 

structures 

(see also p. 409) 


Superior mesenteric circulation. 

• Arteries: numerous aa. jejunales and ileales (branches 
of the a. mesenterica superior). Additionally, in the 
pars terminalis ilei the a. ileocolica. Arteries extend in 
the mesenterium to the intestinal segments and form 
arcades close to the bowel, thus forming anastomoses, 
hence impaired circulation in the intestinum is very rare. 

• Veins: vv. jejunales and ileales into the v. mesenterica 
superior and from there into the v. portae hepatis. The 
pars terminalis ilei is also drained by the v. ileocolica. 


Lymphotic drainage: through nodi lymphoidei located in 
the mesenterium (nodi juxtaintestinales) into the nll. 
mesenterici superiores 
Autonomic innervotion: 

- parasympathetic primarily through the right n. vagus 
(truncus vagalis posterior) 

- sympathetic through the nn. splanchnici major and 
minor (partially ganglia coeliaca, but mainly ganglia 
mesenterica superiora) 


Function • Enzymatic breakdown and digestion of carbohydrates, 
proteins, and fats as well as absorption of their compo- 
nents; additionally, absorption of vitamins, trace ele- 
ments and minerals 

• Slow (transit time 8-16 h) peristaltic transport of chyme 
through the jejunum and ileum, with mucosal lining in 


close contact with food 

Absorbed nutrients are carried off in the bloodstream 
directly to the liver (via the v. portae hepatis) (with the 
exception of lipids: they are transported via vasa lympho¬ 
capillaria to the cisterna chyli). 


Embryonic • Of endodermal origin, derived from the mesenteron 
development • Jejunum and ileum with mesenterium dorsale 


Major • Acute and chronie inflammation (enteritis) 

diseases • Ulcers primarily in the presence of chronie inflammation 

(Crohn’s disease); malignant tumors (very rare) 

• At the three constrictions (ostium pyloricum, flexura 
duodenojejunalis, and ostium ileale) foreign bodies that 


have been swallowed may get stuck (risk of life-threaten- 
ing mechanicol ileus). 
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23.9 Intestinum Crassum: Caecum with Appendix 
Vermiformis and Colon 


Location 


Shape and 
parts 

Wall 

structure 


Neurovascular 

structures 

(see also p. 410 
and 411) 


Frame-like, primarily in the lower abdomen, transverse and 
lateral segments: 

• Cola ascendens and descendens secondarily retroperito- 
neal 

• Cola transversum and sigmoideum intraperitoneal 

• Caecum intraperitoneal or more or less fully secondarily 



retroperitoneal 
• Appendix vermiformis 
remains intraperitoneal. 

Note: Only the intraperitoneal segments of the mature 
organism have a mesenterium dorsale. 


Hollow, tubular organ, shaped like a frame that is partially 
open at its inferior aspect, with caecum and appendix ver¬ 


miformis; and cola ascendens, transversum, descendens, 
and sigmoideum 


• Basically the same wall structure as the entire gastrointes- 
tinal tract 

• Deep mucosal depressions (crypts), but, unlike the small 
intestine, no plicae circulares or villi 

• Numerous lymphoid follicles in the tela submucosa (recog- 
nize enteric antigens), unlike the sterile intestinum tenue, 
the intestinum crassum is always populated by bacteria. 

Note: The strata longitudinalia of the tunica muscularis of 
the colon are in the form of three discontinuous longitu- 
dinal bands of muscle (taeniae libera, mesocolica, omen¬ 
talis). 


The circular layers of the muscularis form constrictions 
(visible internally as plicae semilunares) with saccula- 
tions located between the folds (haustra = haustrations 
of colon). Tunica serosa with fat deposition (appendices 
omentales). 

Taeniae, haustra, and appendices omentales are distinc- 
tive morphological features of the colon and caecum, 
which are helpful in distinguishing the intestinum cras¬ 
sum from the intestinum tenue during surgery. Taeniae 
are not present in the rectum where the longitudinal 
muscle fibers again form a continuous layer. (The junc- 
tion between the colon and rectum is visible externally.) 


Proximal to the flexura coli sinistra superior mesenteric 
circulation: 

• Arteries: aa. colicae dextra and media and a. ileocol¬ 
ica (from the a. mesenterica superior) with aa. caecales 
anterior and posterior and a. appendicularis 

• Veins: w. colicae dextra and media and v. ileocolica with v. 
appendicularis into the v. mesenterica superior and from 
there into the v. portae hepatis 

• Lymphotic droinage: through the nll. precaecales and ret¬ 
rocaecales and nodi appendiculares, and nll. colici dextri 
and medii, into the nll. mesenterici superiores 

• Autonomic innervation: 

- parasympathetic primarily through the right n. vagus 
(trruncus vagalis posterior) 

- sympathetic through the nn. splanchnici major and 
minor (ganglia mesenterica superiora) 

Distal to the flexura coli sinistra, inferior mesenteric cir¬ 
culation: 

• Arteries: a. colica sinistra and aa. sigmoideae arising from 
the a. mesenterica inferior 

• Veins: v. colica sinistra and vv. sigmoideae into the v. 


mesenterica inferior and from there into the v. portae 
hepatis 

• Lymphotic drainoge: through nll. mesenterici (nll. colici 
sinistri and nll. sigmoidei) into the nll. mesenterici inferi¬ 
ores and from there via the nll. lumbales sinistri into the 
trunci intestinales or cisterna chyli 

• Autonomic innervation: 

- parasympathetic through the nn. splanchnici pelvici 
(from S2-S4) via the plexus hypogastricus inferior, 

- sympathetic through the nn. splanchnici lumbales (via 
the plexus hypogastricus inferior), partially through 
the nn. splanchnici major and minor (ganglia mesen¬ 
terica superiora). 

Note: Close to the flexura coli sinistra distinet anastomoses 
between the a. colica media and a. colica sinistra (Riolan 
anastomosis) and convergence of autonomic fibers (Can- 
non-Bohm point) mark the boundary between the mesen- 
teron and metenteron. 


Function 


Embryonic 

development 

Major 

diseases 


To some extent resorption of food components broken 
down by enzymes 

Primarily thickening of the chyme through salt and water 
absorption (colon), hence slow peristaltic transport of 


the chyme 

Immune recognition of antigens in the food (mainly cae¬ 
cum and appendix vermiformis = “tonsil” of the gastro- 
intestinal tract). 


Of endodermal origin, derived from the mesenteron and 
metenteron. 


Acute and chronie inflammation (enteritis) 

Benign tumors (polyps), which often become malignant 
(Large intestine carcinomas are one of the most com- 
mon malignant tumors in the industrialized world.) 
Acute inflammation (mostly bacterial) of the appendix 


vermiformis is very common (acute appendicitis, mis- 
takenly referred to as typhlitis). Spreading of the inflam¬ 
mation to the peritoneum can lead to life-threatening 
peritonitis. Therapy: surgical removal of the appendix 
(appendectomy). 
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23.10 Intestinum Crassum: Rectum 


Location Situated in the pelvis minor, extends anterior to the os 
sacrum to the diaphragma pelvis, largely in the spatium 
extraperitoneale in the pelvis. The proximal end may be 


T 


intraperitoneal, and the 
rest lies in the spatium 
extraperitoneale (retroperitoneal and subperitoneal). 


Shape and 
parts 


Hollow, tubular organ with 

• Ampulla recti (ampulla = circumscribed dilation) that 
serves as a stool reservoir and 

• Canalis analis. 


Note: The rectum (straight) is by no means straight but 
has curves proximal to the os sacrum (flexura sacralis) and 
above the diaphragma pelvis (flexura perinealis). 


Wall Basically the same wall structure as the gastrointestinal 
structure tract with tunica mucosa, tela submucosa, tunica muscu¬ 
laris (with strata circulare and longitudinale), tela subse¬ 
rosa, and tunica serosa or adventitia. 


Note the following characteristics in which the rectum dif¬ 
fers from the rest of the intestinum crassum: absence of tae¬ 
niae and haustra, no appendices omentales; three plicae 
transversae instead of plicae semilunares. 


Neurovascular 

structures 

(see also p. 412) 


Blood and lymphatic vessels (not the autonomic innerva- 
tion) originate from two sources: 

Metenteron derivatives of the rectum, primarily the 
ampulla recti, inferior mesenteric circulation: 

• Arteries: unpaired a. rectalis superior from the a. mesen¬ 
terica inferior 

• Veins: v. rectalis superior into the v. mesenterica inferior 
and from there into the v. portae hepatis to the hepar 

• Lymphatic drainage: 2 ways: 

- through nll. rectales superiores into the nll. mesenterici 
inferiores 

- through nll. sacrales and pararectales into the nodi iliaci 
interni 

Diaphragma pelvis derivatives, the canalis analis and anus, 
pelvic circulation (iliac circulation): 

• Arteries: paired aa. rectales mediae (not always present) 
from the aa. iliacae internae, and aa. rectales inferiores 
from the aa. pudendae internae 


• Veins: (paired) vv. rectales mediae directly and (paired) 
vv. rectales inferiores via vv. pudendae internae into the 
vv. iliacae internae 

• Lymphatic drainage: through the nodi pararectales and 
nodi inguinales superficiales into the nodi iliaci interni 

Autonomic innervation (the same for both parts): 

• Parasympathetic through the nn. splanchnici pelvici 
(S2-S4) 

• Sympathetic through the nn. splanchnici lumbales and 
(to a lesser extent) sacrales (via plexus rectales superior, 
medius, and inferior) 


Function As part of the intestinum crassum, temporary and con- 
trolled storage of fecal matter (continence) and its con- 
trolled elimination (defecation). 

Note: Functional continence is ensured by gas-tight clo- 
sure of the rectum. The rectal cavernous plexus (hemor- 


rhoidal plexus), which is supplied by the a. rectalis superior, 
remains filled up as part of the permanent contraction of 
the muscular sphincter apparatus. 


Embryonic • Largely (mainly the ampulla recti) derived from the 
development metenteron with an endodermal lining. 

• The distal part of the rectum, the canalis analis, develops 
from the ectodermal cells of the diaphragma pelvis. 


Note: Terminologically, the canalis analis is considered 
either part of the rectum (with the ampulla recti as the part 
derived from the endoderm) or as a separate part of the 
intestine. 


Major • Malignant tumors (rectal cancers) are one of the most 
diseases common malignant tumors in industrialized nations. 

• Hemorrhoidal disease (dilation of the hemorrhoidal 
plexus; when bleeding occurs: bright red arterial blood) 


Anal fistulas and anal abscesses 
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23.11 Hepar (Liver) 


Location 


• Lies intraperitoneally in the right upper quadrant. 

• As a resuit of the rotation of the gaster and the mesoga- 
strium ventrale in the embryo, the hepar moves under 
surface of the diaphragma where it becomes partially 


attached (the area of 
the liver devoid of peri¬ 
toneum = area nuda), moves with respiration. 


Shape and 
parts 


• Heaviest human parenchymal organ (weighs approx- 
imately 1.5 kg), in anterior view almost triangular in 
shape 

• Morphologically divided into lobi hepatici dexter and 
sinister, with lobi caudatus and quadratus included on 
the facies visceralis. 

• Based on vascular structures it is functionally and clin- 
ically divided into 8 segmenta; one segmentum = area 
supplied by one a. segmenti branch of the a. hepatica 
propria. 

Models to describe the microstructure of the hepatic 
parenchyma: 

• (central venous) lobulus hepatis : lobuli measuring 1 -2 mm 
in size. In their midst lies the v. centralis. Cube-shaped 
hepatocytes are arranged around the v. centralis in a 


star-like pattern. Venous drainage is of primary impor- 
tance to this concept of liver organization. 

• (peri-) portal lobuli: where multiple lobuli touch, they are 
connected through periportal areas (connective tissue 
with a. interlobularis, v. interlobularis, and ductus bil¬ 
ifer interlobularis = trias hepatica). At the center of the 
periportal lobulus is the periportal area or trias hepatica; 
this structural organization of the hepar is based on bile 
secretion (hepar as exocrine gland), however this model 
is no longer used. 

• Hepatic acinus: in the shape of a rhombus, the outer 
angles of which are formed by two opposite peripor¬ 
tal areas and two opposite vv. centrales. This concept is 
based on arterial supply as the structural organization, 
most recent concept, important for pathophysiology. 


Neurovascular 

structures 

(see also p. 406) 


Upper abdominal circulation. 

• Arteries: a. hepatica propria from the a. hepatica commu¬ 
nis (branch of the truncus coeliacus) 

• Portal vein: venous inflow from most of the entire gastro- 
intestinal tract via the v. portae hepatis 

• Veins: vv. hepaticae (usually three) open into the v. cava 
inferior. 

• Lymphatic drainage : primarily through the nll. hepatici 
into the nll. coeliaci, but also through the diaphragma 
into the nll. mediastinales 

• Autonomic innervation: 

- parasympathetic through the nn. vagi (trunci vagales) 


- sympathetic primarily through the nn. splanchnici 
majores, but also partially through the nn. splanchnici 
minores (ganglia coeliaca) 

Note : The hepar has two sources of vascular inflow: the a. 
hepatica propria and the v. portae hepatis. Blood supplied 
by the a. hepatica propria is sufficient to sustain hepar func- 
tion. The vv. hepaticae transverse the area nuda and open 
into the v. cava inferior. Segmenta hepatis can be resected 
individually, as the remaining parts of the hepar have high 
regenerative potential. 


Function 


• Largest “metabolic laboratory” of the human body. The 
v. portae hepatis carries the nutrient-rich blood from the 
gastrointestinal tract to the hepar. 

• Exocrine gland: via intra- and extrahepatic bile ducts, 
bile is secreted into the duodenum discontinuously and 
as needed. In the duodenum, bile emulsifies dietary fat. 
Emulsified fat particles have enlarged surface areas mak- 
ing it easier for duodenal enzymes to further break them 
down. 


• Endocrine gland: produces most of the blood proteins 
including coagulation factors and the prohormone 
angiotensinogen. The proteins are released into the vv. 
hepaticae. 

• Detoxification (metabolism) of numerous pharmaceu- 
ticals. They become water-soluble through metabolism 
and can thus be excreted through bile or blood (kidney). 


Embryonic 

deveiopment 


Of endodermal origin, derived from the gemma hepato- mesogastrium ventrale and the very small mesoduodenum 

pancreatica, sprouting of duodenal epithelium into the ventrale. 


Major • Acute and chronie inflammation (hepatitis), usually 
diseases caused by alcohol or viral infection (hepatitis A, B or C). 

• Primary liver cell carcinoma is very rare in Europe, how¬ 
ever, the hepar is often the site of metastases of carci¬ 


noma of the intestinum crassum (metastatic migration 
of tumor cells through the venous bloodstream via the v. 
portae hepatis). 


432 












Organ Fact Sheets 


Vesica Biliaris (Gallbladder) and Bile Ducts 


23.12 Vesica Biliaris (Gallbladder) and Bile Ducts 


Location • Vesica biliaris: lies intraperitoneally at the facies visceralis 
of the hepar. The collum of the vesica biliaris (exit point 
of the vesica biliaris) is oriented toward the fissura porta¬ 
lis principalis. The fundus of the vesica biliaris is just vis- 
ible below the sharp margo inferior of the hepar along 
the mid-clavicular line beneath the arcus costalis. (When 
the vesica biliaris is inflamed, tenderness to pressure 
may be noted at this location.) 

• Extrahepatic bile ducts: lie intraperitoneally mainly in the 
lig. hepatoduodenale (part of the omentum minus).The 
terminal portion of the ductus choledochus that tra- 


Ivj 


1 ) 


verses the pancreas and 
approaches the duode¬ 
num is secondarily retroperitoneal. 

Note: By definition the vesica biliaris is part of the bile duct 
system. In order to provide a better overview and because 
it is a blind sac connecting to the duodenum, it is listed sep- 
arately. The intrahepatic bile ducts (canaliculi biliferi and 
ductus biliferi interlobulares), as intrinsic components of 
the hepar structure (see hepar), are not mentioned sepa¬ 
ra te ly. 


Shape, parts, • Vesica biliaris: small, pear-shaped pouch, measures up to 
and wall 12 cm in length. 
structure • Extrahepatic bile ducts are divided into 

- ductus hepatici dexter and sinister 

- ductus hepaticus communis 

- ductus cysticus 

- ductus choledochus (formed by the merger of the 
ductus hepaticus communis and ductus cysticus) 
opens into the duodenum. 


Note: Right before opening into the duodenum, the ductus 
choledochus and the ductus pancreaticus join. 

The walls of the vesica biliaris and the extrahepatic bile ducts 
include a tunica mucosa and a strong tunica muscularis for 
transporting bile. 


Neurovascular • Arteries: because of its proximity to the hepar, the arte- 
structures rial supply (a. cystica) is provided by the a. hepatica pro- 
(see also p. 406) pria (from the r. dexter). 

• Veins: v. cystica into the v. portae hepatis 

• Lymphatic drainage (through the nll. hepatici and cystici) 
primarily into the nll. coeliaci 


Autonomic innervation same as for the liver: 

- parasympathetic through the nn. vagi (trunci vagales) 

- sympathetic through the n. splanchnicus major (gan¬ 
glia coeliaca) 


Function • Storage and thickening of the bile produced by the 
hepatic cells, and the controlled release of bile through 
the ductus cysticus and ductus choledochus into the 
duodenum (through contraction of the muscular wall) 


Reservoir function: the vesica biliaris can store up to 50 
mL of bile. 


Embryonic Of endodermal origin. AII parts of the bile ducts develop 
development from the gemma hepatopancreatica, from a sprouting of 
the duodenal epithelium into the mesogastrium ventrale 
and the very small mesuoduodenum ventrale. 


Major • Gallbladder stones (concrements, crystal-like, hard sub- 
diseases stances in the liquid bile) not painful per se, painful only 
when the vesica biliaris tries to push out the stones 
through rhythmic muscle contractions, causing sud- 
den onset of severe pain (colic); Fat digestion is possible 
even after surgical removal of the vesica biliaris because 


the liver continues to produce bile; however, due to the 
absence of the bile reservoir, large amounts of fat can no 
longer be digested. 

Inflammation of the vesica biliaris (cholecystitis) and 
malignant tumors are rare. 
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23.13 Pancreas 


Location Crosses the right and left upper quadrants along the poste¬ 
rior wall of the bursa omentalis at the L2 level and lies sec- 


ondarily retroperitoneal. 



Shape and 
parts 


Structure 


Elongated gland with little connective tissue composed of 

• Processus uncinatus (pancreatis) 

• Caput pancreatis 

• Cauda pancreatis 

• Corpus pancreatis 



Histologically and functionally the pancreas can be divided 
into 

• Exocrine pancreas: numerous small glands that secrete 
through an outflow duct (ductus pancreaticus)—mostly 
together with the ductus choledochus—into the duode¬ 


num. Often, there is a second pancreatic duct (ductus 
pancreaticus accessorius) present. 

Endocrine pancreas: islets of epithelial cells (insulae pan¬ 
creaticae) scattered throughout the exocrine pancreas. 
The islet cells release hormones directly into the blood- 
stream. 


Neurovascular 

structures 

(see also p. 408) 


Function 


Embryonic 

development 


Major 

diseases 


Upper abdominal and mediastinal circulation: 

• Arteries: the arterial supply is from two directions via the 
pancreatic arcade: 

- superiorly from branches of the truncus coeliacus 
(branches of the a. splenica: a. pancreatica magna; 
rr. pancreatici; a. pancreatica inferior. Branches of the 
a. hepatica communis: a. gastroduodenalis with aa. 
pancreaticoduodenales superiores anterior and pos¬ 
terior) 

- inferiorly from a branch of the a. mesenterica supe¬ 
rior: the a. pancreaticoduodenalis inferior 

• Veins: vv. pancreaticae (via v. splenicae) or vv. pancreati¬ 
coduodenales (via v. mesenterica superior) or directly 


into the v. portae hepatis 

Lymphatic drainage: through nll. pancreatici superiores 
and inferiores and nll. pancreaticoduodenales into the nll. 
coeliaci and nll. mesenterici superiores 
Autonomic innervation: 

- parasympathetic through nn. vagi (primarily right n. 
vagus as truncus vagalis posterior) 

- sympathetic through nn. splanchnici major and minor 
(ganglia coeliaca and ganglia mesenterica superiora) 


Endocrine part (insulae pancreaticae): predominantly 
production of insulin and glucagon (two antagonistic 
hormones of glucose metabolism) 


Exocrine part: production of numerous enzymes for the 
digestion of carbohydrates, fats, proteins and nucleic 
acids in the small intestine 


Exocrine pancreas of endodermal origin, derived from 
two epithelial buds of the duodenum (gemmae pancre¬ 
aticae ventralis and dorsalis) that later merge 


Endocrine pancreas from endoderm derived insulae pan¬ 
creaticae initiales 


Inflammation of the pancreas (pancreatitis) can be 
caused by bile reflux due to blockage of the ductus cho¬ 
ledochus from a gallstone, or from chronie alcohol con- 
sumption. Insufficient secretion from the exocrine pan¬ 
creas leads to lack of digestive enzymes and maldiges- 
tion. 

The most common disease of the endocrine pancreas 
(and the pancreas in general) is insufficient insulin pro¬ 


duction from the islet cells that leads to type 1 diabetes. 

Note: The a. and v. mesentericae superiores pass adjacent 
to the pancreatic tissue in the area between caput and 
corpus pancreatis. Pancreatic tumors can lead to possible 
occlusion of these vessels. Cancer of the caput pancreatis 
can lead to occlusion of the ductus choledochus. 
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23.14 Splen (Spleen) 


Location Lies intraperitoneally in the left upper quadrant directly 
above the flexura coli sinister. Its longitudinal axis is ori- 
ented parallel to the 10th rib. Because of its location just 


below the diaphragma its 
position varies consider- 
ably with respiration. 



Shape and 
parts 


“Coffee bean shaped” with 

• The hilum splenicum, the entry and exit route for neuro- 
vascular structures, directed toward the gaster 

• One pole directed forward and downward (extremitas 
anterior) and one pole directed backward and upward 
(extremitas posterior) as well as a margo inferior and a 
margo superior 


The facies diaphragmatica of the splen is directed toward 
the diaphragm and ribs. The facies gastrica, colica, and 
renalis are directed toward the corresponding organs. 
Thickness by width by length approximately 4x7x11 
cm (4711 rule), and reddish-brown color because of its 
abundance of red blood cells 


Microstructure • Blood from vessels located in strands of connective tis- 
sue (trabeculae splenicae) flows into the reticular mesh- 
work through profusely branching vessels that are sur- 
rounded by aggregations of lymphocytes (lymphoretic- 
ular organ). 

• The blood vessels empty into the meshwork (sinus 
splenici) with low flow velocity (allowing for age verifica- 


tion of erythrocytes) and into the connective tissue itself 
(open circulation, a distinctive feature of the splen). The 
blood then flows back from the sinus splenici into the 
trabecular veins. 


Neurovascular 

structures 

(see also p. 406) 


Upper abdominal circulation: 

• Arteries: a. splenica from truncus coeliacus 

• Veins: through the v. splenica to the v. portae hepatis 

• Lymphatic drainoge: through the nll. splenici (some 
through the nll. coeliaci) into the truncus intestinalis 

• Autonomic innervotion: 


parasympathetic: primarily through the right n. vagus 
(truncus vagalis posterior) 

sympathetic through n. splanchnicus major and partly 
through the n. splanchnicus minor (ganglia coeliaca). 


Function • Largest lymphoid organ 

• Monitors the blood immunologically. 

• Destroys aged (80-100 days old) erythrocytes. 


Embryonic • Derived from mesodermal tissue that sprouts into the 
development mesogastrium dorsale 

• As the gaster rotates, the splen moves to the left upper 
quadrant. 

Note: During physical exercise (running), blood flow to the 
splen increases, and as a resuit the splen swells. Stretching 


of the peritoneal connection between the splen and colon 
(lig. splenocolicum) is believed to be the cause of “side 
stitch” (a piercing sensation felt below the rib cage). 


Major • Affected by dysfunction of the hemolymphatic system 
diseases (e.g., leukemia) 

• Painful swelling of the splen resulting from mononucleo¬ 
sis (a common viral infection) 

• Until recently, in cases of more severe upper abdominal 
injuries, a damaged splen was often removed because 
it is very difficult to repair due to its soft consistency. 


Today, because the immune function of the splen is 
very important, surgical procedures where the splen is 
preserved are increasingly common (using fibrin glue). 
5% of patients who have undergone splenectomy are 
affected by overwhelming post-splenectomy infection 
(OPSI) syndrome, a condition in which encapsulated 
bacteria often cause fatal sepsis. 
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23.15 Glandulae Suprarenales (Suprarenal or Adrenal 
Glands) 


Location • Primarily retroperitoneal (extraperitoneaI) in the spatium 
retroperitoneale in the cavitas abdominis, each of the 
glands lies on the superior pole of the associated ren 


Located together with 
the renes in the capsulae 
adiposae 



Shape and 
structure 


Neurovascular 

structures 

(see also p. 413) 


Function 


Embryonic 

development 


Major 

diseases 


Triangular-shaped (cocked hat of Napoleon; facies rena¬ 
lis, anterior and posterior) 

Larger (three-layered) outer cortex (with zona glomeru¬ 
losa, zona fasciculata, and zona reticularis), the epithelial 
cells of the cortex form columns and conglomerates. 


Smaller inner medulla consists of sympathetic neurons 
that secrete into the blood: sympathetic paraneurons. 
Suprarenal endothelial cells are active in phagocytosis— 
part of Aschoffs reticuloendothelial system. 


Retroperitoneal abdominal circulation: 

• Arteries: arterial supply provided by three tiers of arteries: 

- aa. suprarenales superiores from the aa. phrenicae 
inferiores 

- aa. suprarenales mediae from the aorta abdominalis 

- aa. suprarenales inferiores from the aa. renales 

• Veins: drainage through the aa. suprarenales, on the right 
side (a. suprarenalis dextra) into the v. cava inferior and 
on the left side (v. suprarenalis sinistra) into the v. renalis 

• Lymphatic drainage: directly into the nII. lumbales 

• Autonomic innervation: 

- parasympathetic: unclear. 


- sympathetic: preganglionic sympathetic fibers from 
the nn. splanchnici majores supply innervation to the 
medulla. 

Note: The preganglionic sympathetic nerve fibers synapse 
with the postganglionic cells directly in the medulla glan¬ 
dulae suprarenalis and not in the truncus sympathicus as 
is often the case in the pars sympathica of the nervous Sys¬ 
tem. Thus, the preganglionic transmitter of the first sympa¬ 
thetic neuron is acetylcholine as is generally the case in the 
pars sympathica, whereas the second paraneuron secretes 
mainly epinephrine and some norepinephrine (10%). 


Each of the paired gll. suprarenales consists of two endo¬ 
crine parts, which have different embryonic origins: 

• Cortex: production of steroid hormones (glucocorticoids, 
mineralocorticoids, and male sex hormones) affecting 
glucose, fat and protein metabolism, and mineral bal- 
ance 


Medulla: release of epinephrine and norepinephrine 
directly into the blood; functional component of the 
pars sympathica of the nervous system (“two glands one 
organ”) 

Note: Blood flows from the cortex to the medulla (down- 
stream). 


• Cortex: cells originate from the steroidogenic zone 
(mesodermal). 

• Medulla: cells migrate from the crista neuralis (ectoder- 
mal). 


Dysfunction of the cortex 

• Loss of cortex glandulae suprarenalis (suprarenal hypo- 
function, Addison’s disease; without hormone replace- 
ment it is life-threatening), for example, resulting from 
destruction of the gl. suprarenalis through tuberculosis 
or metastatic involvement (malignant melanoma) or 


Hyperfunction of the cortex glandulae suprarenalis 
(Cushing’s syndrome), which may occur as a resuit of 
ACTH producing tumors. 
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23.16 Renes (Kidneys) 


Location 


Lies primarily retroperitoneally (extraperitoneally) in the 
spatium retroperitoneale of the cavitas abdominis at the 
L1/L2 level, together with the gll. suprarenales within 
the capsula adiposa. 


Right ren lower than 
the left ren because it is 
pushed down by the larger hepar. 



Shape and • Bean-shaped, measuring 12 x 6 x 3cm (length x width x 
structure thickness) 

• The hilum renalis, directed medially, is the site of entry 
and exit for neurovascular structures and the ureter. 

• Extremitates (poli) superior and inferior, and facies ante¬ 
rior and posterior 


Margines lateralis and medialis 

The entire renal tissue mass is enveloped by a tough cap¬ 
sula fibrosa. 


Microstructure • The outer cortex renalis contains numerous corpuscula 
renalia for formation of primary urine by ultrafiltration. 

• Toward the medulla renalis are microscopically fine 
tubular systems (pars convoluta of tubuli proximales and 
pars convoluta and pars recta of tubuli distales with ansa 


nephroni) for concentration of primary urine. 

Urine is discharged via calices renales into the pelvis 
renalis adjacent to the hilum renale, and then into the 
ureter. 


Neurovascular 

structures 

(see also p. 413) 


Retroperitoneal abdominal circulation 

• Arteries: left and right aa. renales directly from the aorta 
abdominalis 

• Veins: left and right vv. renales directly into the v. cava 
inferior 

• Lymphatic drainoge: directly into the nII. lumbales 

• Autonomic innervation: 

- parasympathetic primarily through the nn. vagi 
(truncus vagalis posterior), and partially through nn. 
splanchnici pelvici from S2-S4 (mainly to the pelvis 
renalis) 


- sympathetic primarily through the nn. splanchnici 
minor and imus (ganglia coeliaca and aorticorenalis), 
and partially through the plexus hypogastricus infe¬ 
rior (mainly to the pelvis renalis) 

Note: On the left side the left v. renalis receives the v. tes¬ 
ticularis/ovarica sinistra and the v. suprarenalis sinister. The 
left v. renalis runs between the aorta abdominalis and a. 
mesenterica superior and can become compressed (“nut- 
cracker syndrome”) as it courses right into the v. cava infe¬ 
rior. 


Function • Regulation of water-, acid-base- and sodium-balance 

• Excretion of substances normally discharged with urine 

• Regulation of blood pressure 

• Stimulation of red blood cell production 


• Influences metabolism of Vitamin D for regulation of cal¬ 
cium. 


Embryonic Of mesodermal (intermediate mesoderm) origin, derived 
development from the primitive metanephros (blastema metanephro- 
genicum). The primitive metanephros develops in the pel¬ 


vis and migrates upward until it is just inferior to the dia¬ 
phragma (renal ascent). 


Major 

diseases 


Kidney stones: when the solubility of compounds in the 
urine is exceeded, dissolved components may form crys- 
tallization nuclei. They may develop anywhere in the 
ren (e.g., staghorn calculi in the pelvis renalis). If they 
become lodged in the ureter, they may stimulate muscu- 
lar contractions causing severe pain (colic). 

Inflammation of the ren ( nephritis) is possibly caused by 
bacterial involvement of the pelvis renalis ( pyelonephri¬ 
tis ), or autoimmunological involvement of the corpus¬ 
cula renalia (glomerulonephritis). 

Renal artery constriction caused by atherosclerosis (with 
a drop in blood pressure) may lead to an increase in sys- 


temic blood pressure due to the ren’s compensatory 
ability in blood pressure regulation. 

Chronically elevated blood sugar ( diabetes ) may lead 
to renal dysfunction and increased blood pressure as a 
resuit of damage to the small renal arteries (microangi- 
opathy). 
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23.17 Ureter 


Location Lies primarily retroperitoneal (extraperitoneal) in the abdo¬ 
men and pelvis. 



Shape and 
parts 


Structure 


Neurovascular 

structures 

(see also p. 413 
and 414) 


Function 


Embryonic 

development 


Distinctive 

features 


Hollow tubular organ (pipeline) with narrow lumen; mea- 
sures 24-31 cm in length, three parts: 

• Pars abdominalis: in the spatium retroperitoneale of the 
cavitas abdominis adjacent to the columna vertebralis, it 
runs from pelvis renalis to linea terminalis of bony pelvis. 

• Pars pelvica: in front of the os sacrum in the spatium ret¬ 
roperitoneale and subperitoneal pelvis; runs from linea 
terminalis to vesica urinaria wall. 


• Pars intramuralis: in the vesica wall. 

Note: In the female, the ureter passes through the lig. latum 
uteri and crosses below the a. uterina (risk of injury during 
surgery!). 


• Tunica mucosa with specialized urothelium (protection 

• Tunica adventitia for integration into the connective tis- 

against hyperosmotic urine) 

sue of the spatium extraperitoneale of the abdomen and 

• Submucosa 

pelvis 

• Tunica muscularis with strong muscle fibers (active 


transport) 



Retroperitoneal abdominal circulation and pelvic circula- 
tion (iliac circulation): 

• Arteries: depending on which part of the ureter, rr. ure¬ 
terici of the neighboring arteries of abdomen (a. renales) 
and pelvis (aa. vesicales superiores: possibly aa. iliacae 
internae) 

• Veins: depending on which part of the ureter, into the 
neighboring abdominal veins (vv. renales) and pelvic 
veins (plexus venosus vesicalis: possibly vv. iliacae inter¬ 
nae) 


Lymphatic droinoge: depending on which part of the ure¬ 
ter directly into the nll. lumbales, vesicales or nll. iliaci 
Autonomic irmervation: 

- parasympathetic through nn. splanchnici pelvici pri¬ 
marily from S2-S4 

- sympathetic through nn. splanchnici minores or imi 
via the ganglia coeliaca and aorticorenalia, as well as 
nn. splanchnici lumbales via the plexus hypogastricus 
inferior 


Active peristaltic transport of urine in quanta from pelvis 
renalis to vesica urinaria 

Preventing reflux of urine and thus ascending infection 
in cases of vesica urinaria infection 


Of mesodermal origin, in both the male and female the ure¬ 
ter is derived from the ductus mesonephricus. The ureter 
develops in the pelvis and moves upward with renal ascent. 


Clinically significant constrictions (3 ureteral constrictions) 
due to 

• Proximity of the ureter to the extremitas inferior of the 
ren 

• The ureter being crossed by vessels (a. iliaca communis) 
at the level of the linea terminalis, as well as 


• Passage of the ureter through the muscular vesica uri¬ 
naria wall 

• An additional fourth constriction may occur where the 
ureter crosses below the testicular or ovarian vessels. 

The constrictions are potential sites where stones from the 
renes may lodge (ureteral stones). 


Major • Ureteral stones, which may lodge at ureteral constric- 
diseases tions, may cause severe pain when the ureter contracts 
in order to push the stones toward the vesica urinaria 
(ureteral colic) 


Bacterial inflammation of the vesica urinaria may cause 
pathogens to pass through the ureters to the ren, result- 
ing in ureteral inflammation (ureteritis). 
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23.18 Vesica Urinaria (Urinary Bladder) 


Location Situated in the spatium extraperitoneale of the pelvis minor 
posterior to the symphysis pubica; the vesica urinaria sits 
on top of the diaphragma pelvis. 



Peritoneal The superior surface of the vesica urinaria is covered by 

relations peritoneum urogenitale (viscerale). The peritoneum is 

reflected onto the anterior abdominal wall and behind the 
vesica urinaria onto the anterior wall of the adjacent organ 
located posteriorly (uterus or rectum) where it is continu- 
ous with the peritoneum parietale. 


Note: A well-distended vesica urinaria pushes the perito¬ 
neum superiorly. When it rises above the symphysis pubica 
this provides an access route for puncture of the ante¬ 
rior wall of the vesica urinaria that is devoid of peritoneum 
(suprapubic bladder aspiration). 


Shape Hollow organ shaped like a tureen or ball depending on the 
degree of distention, can hold up to 500-1000 mL. Corpus 
vesicae with apex vesicae (upper portion) and fundus vesi¬ 
cae, and cervix vesicae (toward the diaphragma pelvis). 


The ostia ureterum and the ostium urethrae internum (with 
uvula vesicae) form a triangle (trigonum vesicae) on the 
inside wall of the fundus vesicae. 


Wall structure • Tunica ucosa with specialized urothelium (protection 
against osmotic effects of urine) 

• Tela submucosa 

• Distinet multilayered tunica muscularis, responsible for 
closing (continence) and opening (micturition) the blad¬ 
der 


Adventitial layer (fascia pelvis visceralis), integrates the 
vesica urinaria into the surrounding connective tissue. 
The superior surface of the vesica urinaria is covered by 
peritoneum urogenitale, a serosa. 


Neurovascular 

structures 

(see also p. 414) 


Pelvic circulation (iliac circulation). 

• Arteries: via the visceral branches of the aa. iliacae inter¬ 
nae: Aa. vesicales superiores and inferiores 

• Veins: drainage into the visceral branches of the vv. ilia¬ 
cae internae via the vv. vesicales 

• Lymphatic drainage: into the nll. iliaci interni 


Autonomic innervation: 

- parasympathetic through the nn. splanchnici pelvici 
from S2-S4 

- sympathetic through the nn. splanchnici lumbales and 
sacrales (via the plexus hypogastricus inferior) 


Function Temporary and controlled storage of final urine (conti¬ 
nence) and controlled discharge of urine (micturition) 


Embryonic Largely of endodermal origin, derived from the sinus uro- 

development genitalis, part of the cloaca; a small part (a portion of the 

posterior wall) of mesodermal origin, derived from both of 
the ductus mesonephrici that are integrated into the ves¬ 
ica urinaria. 

Note: An enlarged uterus, located posterior to the ves¬ 


ica urinaria (during pregnancy or resulting from muscu- 
lar tumors in the wall of the uterus [myoma]), reduces the 
bladder capacity resulting in frequent urination. Descent of 
the muscular diaphragma pelvis due to structural weakness 
caused by multiple vaginal deliveries may lead to failure of 
the closure mechanism and thus to urinary incontinence. 


Major 

diseases 


Bacterial inflammation (cystitis) caused by germs that 
enter through the urethra, and is much more common in 
the female than the male due to the short urethra in the 
female. 

Bladder carcinoma as a malignant tumor 

Urinary incontinence resulting from diaphragma pel¬ 


vis descent (mechanical insufficiency of the pelvic floor, 
which may develop if the diaphragma pelvis slackens and 
descends after multiple vaginal deliveries). 

Trabeculated bladder: obstruction of the outlet of the 
vesica urinaria with hypertrophied muscle bundles due 
to benign prostatic hyperplasia (BPH) 
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23.19 Urethra 


Note: Owing to gender differences regarding shape and 
function, the urethra is differentiated into 


Urethra feminina 
Urethra masculina 



Location In both the male and the female the urethra is directly 
below the vesica urinaria in the spatium extraperitoneale of 
the cavitas pelvis. In the male it is also in the corpus spon¬ 


giosum penis. A portion of the urethra masculina below the 
bladder is surrounded by the prostata. 


Shape 


Parts 


Wall structure 


Neurovascular 

structures 


Function 


Hollow tubular organ with two orifices: 

• Ostium urethrae internum at the vesica urinaria outlet 
(in both the male and female) 


Ostium urethrae externum on the body surface: in the 
female into the vestibulum vaginae, in the male on the 
glans penis 


Urethra feminina (straight and approximately 3-5 cm long) 

divided into two parts: 

• Pars intramuralis (very short, in the vesica urinaria wall) 

• Spongy part (longer portion, opens into the vestibulum 
vaginae) 

Urethra masculina (20 cm long, has two curves) divided 

into four parts: 

• Pars intramuralis (very short, in the bladder wall, only for 
urine passage; with m. sphincter urethrae internus) 

• Pars prostatica (3 cm long, urinary and seminal passage, 
surrounded by prostata; with crista urethralis and collic¬ 
ulus seminalis) 

• Pars membranacea (1-2 cm long, passes through the 
hiatus urogenitalis in the diaphragma pelvis, distal por¬ 
tion with expandable urethral ampulla) 

• Pars spongiosa (15 cm long; in the corpus spongiosum 
penis, the dilated part known as the fossa navicularis is 


right before the ostium urethrae externum; the proxi- 
mal portion of the pars spongiosa is attached to the dia¬ 
phragma pelvis; the distal portion is suspended). 

Two curves ofthe urethra masculina: 

- infrapubic curve: at the junction between the partes 
membranacea and spongiosa 

- prepubic curve: at the junction between the proximal 
and distal portions ofthe pars spongiosa 

Three constrictions ofthe urethra masculina: 

- pars intramuralis 

- pars membranacea (proximal portion) 

- ostium urethrae externum 

Three dilated parts ofthe urethra masculina: 

- pars prostatica 

- urethral ampulla 

- fossa navicularis 


Tunica mucosa (urothelium in proximal portion, stratified 
non-keratinized squamous epithelium in distal portion) 


with gll. urethrales, tunica muscularis and adventitial coat 


Pelvic circulation. 

• Arteries: a. urethralis from the a. pudenda interna and 
smaller branches (in the male from the rr. prostatici; in 
the female from the a. vesicalis inferior and a. rectalis 
media) 

• Veins: drainage to the plexus venosus vesicalis (in the 
female) or plexus vesicalis, plexus venosus prostaticus, 
and veins ofthe penis (in the male) 

• Lymphatic drainage: nll. lumbales (via nll. iliaci interni or 


nodi inguinales) 

Autonomic innervation (sparse): 

- parasympathetic through the nn. splanchnici pelvici 
(S2-S4) 

- sympathetic through the nn. splanchnici sacrales or 
plexus hypogastricus inferior 

- somatic sensory innervation through the n. pudendus 


Discharge of urine from the body (in both the male and 
the female); transport of semen during ejaculation (in the 
male) 


Embryonic 

development 


Major 

diseases 


Derived from the sinus urogenitalis (males and females), 
and an ingrowth of ectodermal cells from the glans penis 
(males) 


Acute or chronie inflammation (urethritis, very common!) 
caused by bacteria (in most cases) or fungus (less com¬ 
mon). Burning sensation while urinating. Women are 
much more frequently affected than men. 


Deformities during fetal development include urethrovag- 
inal fistulas in young girls, or an atypical opening on the 
penis (mostly on the underside of the penis, known as 
hypospadias) in young boys. 
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23.20 Vagina 


Location Lies extraperitoneally in the spatium extraperitoneale of 
the pelvis. The vagina traverses the diaphragma pelvis pos¬ 
terior to the urethra in the hiatus urogenitalis and opens 
into the vestibulum vaginae between the labia minora. 



Shape Hollow, elongated tubular organ (measuring 8-10 cm in 
length) 


Wall structure • Specialized mucosa composed of stratified epithelium 
(mechanically resilient) where bacteria convert glyco- 
gen into lactic acid (acidic pH protects against ascend- 
ing infections) 

• Strong tunica muscularis 


• Adventitia integrates the vagina into the surrounding 
pelvic connective tissue. 

Note: There are no glands in the parietes vaginae. The wall 
is moistened by transudation. 


Neurovascular 

structures 

(see also p. 416) 


Pelvic circulation (iliac circulation) 

• Arteries: aa. vaginales (not always present) as distinet 
branches of the aa. iliacae internae, or rr. vaginales of the 
aa. uterinae 

• Veins: plexus venosus vaginalis directly into the vv. uteri¬ 
nae or via the plexus venosus uterinus 

• Lymphotic drainoge: partially (only the superior portion) 
into the nll. parauterini, mostly into the nll. inguinales 
superficiales (given that the vagina is a derivative of the 


diaphragma pelvis) and then into the nll. iliaci externi 
Autonomic innervotion: 

- parasympathetic through the nn. splanchnici pelvici 
(S2-S4) 

- sympathetic through the nn. splanchnici lumbales and 
sacrales (via the plexus hypogastricus inferior) 

additional somatosensory innervation through the n. 
pudendus 


Function Copulatory organ, birth canal 


Embryonic Derived from epithelial evaginations in the diaphragma pel- 
development vis (bulbi sinovaginales that fuse to form the lamina vagi¬ 


nae). The lamina vaginae develops initially as a solid struc¬ 
ture that later undergoes secondary canalization. 


Major • Infections caused by bacteria or fungi because of disrup- 
diseases tion of the normal vaginal milieu 

• Malignant tumors (vaginal carcinoma) are rather rare. 

• Rare, but explainable with regard to fetal development, 
are congenital fistulas to the urethra or rectum resulting 
in urine or feces being passed through the vagina (bacte- 
rial infections). 


Atrophy of the vaginal epithelium after menopause: 
strictly speaking this is not a disease given that meno¬ 
pause is a physiological process. It may however lead to 
subjective symptoms (vaginal dryness). 
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23.21 Uterus and Tubae Uterinae (Uterine Tubes) 



Location 


Lies intraperitoneally in the pelvis minor (covered by peri¬ 
toneum viscerale urogenitale). Only a small portion of the 
cervix uteri lies extraperitoneally. 

Uterus: 

• Between the vesica urinaria and rectum 

• The lig. latum uteri attaches the uterus to the lateral pel- 
vic walls; the uterus is tilted anteriorly (anteverted); the 
corpus uteri forms an angle with cervix uteri and is bent 
forward (anteflexed). 


Note: The lig. latum uteri is 
a sheet of connective tis- 

sue in which courses the neurovascular structures to the 
uterus and tubae uterinae, and partially also to the ovaria. 
That is why it is considered as “meso” (mesometrium/ 
mesosalpinx/mesovarium = mesentery component of the 
uterus/tuba uterina/ovarium). 

Tubae uterinae: situated in the upper margin of the lig. 
latum uteri 


Shape and 
parts 


Wall structure 


Neurovascular 

structures 

(see also p. 416 
and 417) 


• Hollow, muscular, pear-shaped organ (uterus) 

• On the left and right sides arise a 7-10 cm long hollow 
tubular organ (right and left tubae uterinae). 

• The end of the tuba uterina (ampulla tubae uterinae) 
curves over a plum-sized and shaped organ (ovarium) in 
order to receive the ovulated egg (see ovarium). 

Parts of the uterus: 

• Corpus uteri (%) with facies posterior and anterior, and 
the blind-ended fundus uteri 

• Cervix uteri (I/3) with isthmus uteri and canalis cervicis 
uteri, portiones vaginalis and supravaginalis cervicis 

• Ostium uteri (opening in the vagina) 


Note: A cervical mucus plug seals off the cervix uteri from 
the vagina and guards against the passage of bacteria 
ascending from the vagina. 

Parts of the tubae uterinae from lateral to medial: 

• Ostium abdominale tubae uterinae (fimbriated fun- 
nel-shaped end) 

• Infundibulum tubae uterinae 

• Ampulla tubae uterinae 

• Isthmus tubae uterinae 

• Pars uterina (very narrow, passes through the wall of the 
uterus) with ostium uterinum tubae uterinae 


Uterus: 

• Tunica mucosa (endometrium with basal and functional 
layers), specialized to receive zygote. In sexually mature 
woman the endometrium undergoes cyclic changes with 
menstruation. 

• Tunica muscularis (myometrium): during pregnancy 
maintains uterine closure (cervical closure); expulsion of 
the fetus 

• Tunica serosa (perimetrium): allows for growth of the 
uterus in the cavitas peritonealis during pregnancy. 

Note: Contraction of the muscles in the uterine wall is con- 


trolled not only by nerves but also by hormones (oxytocin). 

Tubae uterinae: 

• Tunica mucosa specialized to generate fluid flow (kino- 
cilia) towards uterus, helps to transport the immobile 
zygote and to move mobile sperm in the required direc- 
tion (positive rheotaxis). 

• Tunica muscularis: responsible for movement of tubae 
uterinae when sweeping the surface of the ovaria. 

• Tunica serosa (peritoneal covering) of the tuba uterina is 
continuous with the mesosalpinx (see “location” above). 


Pelvic circulation (iliac circulation) 

Uterus: 

• Arteries: aa. uterinae from the aa. iliacae internae 

• Veins: drainage to the plexus venosus uterinus and to the 
vv. iliacae internae 

• Lymphatic drainage: via nll. parauterini to nll. iliaci interni 
and communes (mainly from the corpus uteri) and nll. 
inguinales (cervix uteri, drainage same as external geni- 
tals) 

• Autonomic innervation: 

- parasympathetic: nn. splanchnici pelvici (S2-S4) 

- sympathetic: mainly nn. splanchnici lumbales and 
partly nn. splanchnici sacrales (via plexus hypogastri¬ 
cus inferior) 


Uterine tubes: 

• Arteries: rr. tubarii from the aa. uterinae and aa. ovarici 

• Veins: drainage to plexus venosus uterinus or v. ovarica 

• Lymphatic drainage: directly or indirectly (via nll. para¬ 
uterini) into nll. lumbales 

• Autonomic innervation: see uterus 

Note the uterus-tuba uterina angle: In the female, the lig. 
teres uteri traverses through the canalis inguinalis along 
with vasa lymphatica. Thus, metastatic tumor cells from 
the uterus-tuba uterina angle may settle within the nll. 
inguinales. 
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Uterus and Tubae Uterinae (Uterine Tubes) 


Function 

Uterus: Tubae uterinae: 

• Nurturing and sheltering of fetus during pregnancy • Collection of ovulated egg 

• Expulsion of fetus • Passage-way for ascending sperm 

• Site for fertilization 

• Transport of zygote to uterus 

Embryonic 

development 

The uterus and tubae uterinae are of mesodermal origin, 
derived from the ductus paramesonephrici: 

• Uterus derived from the fused ducts 

• Tubae uterinae derived from parts of the ducts that 
remain unfused 

Major 

diseases 

Uterus: Tubae uterinae: 

• Benign muscle tumors (myomas or fibroids), the growth • Bacterial inflammation (adnexitis) generally ascends 

of which may be influenced by sex hormones. They may from the uterus. 

put pressure on surrounding organs (vesica urinaria, rec- • Chronie inflammation may lead to occlusion of the tubal 

tum) or the tunica mucosa uteri (possible disruption of lumen (may inhibit conception). 

menstrual cycle). • Infections may spread from the ostium abdominale 

• Malignant tumors may develop in the tunica mucosa of tubae uterinae to the cavitas peritonealis, 

the corpus uteri (endometrial carcinoma) or the cervix 

uteri (cervical carcinoma). 

• Descent of the diaphragma pelvis may lead to descent of 
the uterus. 
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Glandula Vesiculosa (Seminal Vesicle) 


23.22 Prostata and Glandula Vesiculosa 
(Seminal Vesicle) 


Location Prostata: lies extraperitoneally just inferior to the vesica 
urinaria in the subperitoneal space of the cavitas pelvis; lies 
upon the m. levator ani, surrounds the proximal portion of 
the urethra (pars prostatica urethrae). 

Gl. vesiculosa: lies largely extraperitoneally directly adja¬ 
cent to the posterior vesica urinaria wall (the most pos- 


terosuperior tip is the only 
portion covered by perito¬ 
neum). 



Shape and 
structure 


Neurovascular 

structures 

(see also p. 414) 


Function 


Embryonic 

development 


Major 

diseases 


Prostata: 

• Unpaired gland that is enveloped by a fibrous capsula 
prostatae 

• Numerous branched epithelial ducts that empty into the 
urethra by small ductuli 

• The ductus excretorius of each gl. vesiculosa merges 
with the adjacent ductus deferens to form the ductus 
ejaculatorius that passes through the prostata. 

Gl. vesiculosa: 

• Paired, elongated (5cm long) organs consisting of a tube 


that is coiled upon itself 
• The glands are surrounded by a fine capsule. 

Note: The histological division of the prostata into zones 
is done for clinical purposes. The term “seminal vesicle” is 
misleading: the gl. vesiculosa does not store semen. Their 
secretions constitute approximately 70% of the ejaculate. 


Pelvic circulation (iliac circulation) for both organs 

• Arteries: rr. prostatici mainly from the aa. vesicales inferi¬ 
ores 

• Veins: plexus venosus prostaticus with drainage into the 
plexus venosus vesicalis (often described together as the 
vesicoprostatic venous plexus) 

• Lymphotic drainage: partially into nll. prevesicales/retro¬ 


vesicales and then into the nll. iliaci interni, sacrales and 
lumbales 

Autonomic innervation: 

- parasympathetic through the nn. splanchnici pelvici 
(S2-S4) 

- sympathetic through the nn. splanchnici lumbales 
and (to a lesser extent) the nn. splanchnici sacrales 
(via the plexus hypogastricus inferior) 


Produce secretions that, as components of the ejaculate, 
contains substances of functional importance for sperm 
motility. Secretions are alkaline and (particularly for the gll. 
vesiculosae) rich in fructose (energy source for sperm). 


Prostata: outgrowths of the urethral epithelium 

Gl. vesiculosa: outgrowths of the mesonephric epithelium 
(ductus mesonephrici) 


Prostata: benign and malignant tumors: 

• Benign hyperplasia of the epithelium and stroma with 
urethral stricture and urinary retention is particularly 
common in the transition zone of older men. As the 
prostata enlarges it causes the vesica urinaria wall to 
thicken (known as trabeculated bladder) as the vesica 
urinaria tries to force urine out. Treatment consists of 
urethral dilation. 

• Prostatic carcinoma: develops in the peripheral zone 
in the epithelium below the capsula prostatica. Pros¬ 
tatic carcinoma is one of the most common malignant 


tumors in older men. Often, tumor cells spread to the 
bones, particularly to the columna vertebralis, because 
the veins between the plexus venosus prostaticus and 
the plexus venosi vertebrales lack valves (pain in the 
lower region of the columna vertebralis in older men). 

Gl. vesiculosa: rare cases of inflammation caused by geni- 
tal infections 
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Epididymis and Ductus Deferens 


23.23 Epididymis and Ductus Deferens 


Location Epididymis: lies extraperitoneally (not in the tunica vagina¬ 
lis surrounding the testis) in the scrotum on the posterolat- 
eral aspect of the testis. 

Ductus deferens: (continuous with epididymis) passes 
through the canalis inguinalis and runs along the superior 



and posterior surface of 
the vesica urinaria to the 
prostata. The part that is situated on the superior surface 
of the vesica urinaria is covered by peritoneum urogenitale 
(“subperitoneal location”). 


Shape and Epididymis: up to 12 m long, highly convoluted duct (duc- 

structure tus epididymidis), that is divided into the caput, corpus, 

and cauda epididymidis. The cauda epididymidis is continu¬ 
ous with the ductus deferens. 

Ductus deferens: approximately 40 cm in length with 
strong muscle fibers that spiral around the very narrow 
lumen (often appears three-layered in histological section). 
The epithelium bears stereocilia. At the prostata the duct 


widens out to form the ampulla ductus deferentis where 
it then continues as the ductus ejaculatorius (after joining 
with the ductus excretorius of the gl. vesiculosa) through 
the prostata. 

Note: Owing to its strong muscle fibers, the ductus deferens 
has the thickness of a pencil and is palpable in the canalis 
inguinalis. 


Neurovascular Epididymis: retroperitoneal abdominal circulation (with 
structures testicular vessels). Partially pelvic circulation as well (iliac 
(see also p. 415) circulation). Some of the epididymal neurovascular struc¬ 
tures join the neurovascular structures of the testis. 

• Arteries: branches (rr. epididymales) of the aa. testicu¬ 
lares 

• Veins: drainage to the plexus pampiniformis into the vv. 
testiculares 

• Lymphotic drainage: nII. lumbales 

• Autonomic innervation: 

- parasympathetic through nn. splanchnici pelvici 
(S2-S4) 

- sympathetic through nn. splanchnici lumbales and via 


the plexus hypogastricus inferior 
Ductus deferens: pelvic circulation (iliac circulation) 

• Arteries: a. ductus deferentis from the a. umbilicalis 

• Veins: drainage partially to plexus pampiniformis, par¬ 
tially to plexus venosus vesicalis 

• Lymphatic drainage: nll. lumbales 

• Autonomic innervation: 

- parasympathetic through nn. splanchnici pelvici (S2- 
S4) 

- sympathetic through nn. splanchnici lumbales and via 
the plexus hypogastricus inferior 


Function Epididymis: storage and maturation of sperm produced in 
the testes 

Ductus deferens: rapid transport of sperm into the urethra 
during ejaculation 


Note: The formation and maturation of sperm in the testis 
and epididymis, the migration of sperm in the epididymis, 
and their final storage in the caudal part of the ductus epi¬ 
didymidis takes approximately 80 days. 


Embryonic Both organs are of mesodermal origin, derived from the 
development caudal portion of the ductus mesonephricus. 


Major Inflammation of the epididymis (epididymitis) or ductus 
diseases deferens is rare. 
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Testis 



Shape and 
structure 


Neurovascular 

structures 

(see also p. 415) 


Function 


Embryonic 

development 


Major 

diseases 


Paired organ with the approximate size and shape of a 
pium, divided by fibrous septula testis into approximately 
350 lobuli testis. Each lobulus testis contains 2-4 tubuli 
seminiferi contorti lined by specialized epithelium where 


the spermatocytes develop (spermatogenesis). The tissue 
between the tubuli contains Leydig cells, which produce 
testosterone. 


Retroperitoneal abdominal circulation (despite extracorpo- 
real location) 

During development, the testis together with its neurovas¬ 
cular structures descend from the upper abdomen into the 
scrotum. Thus, the neurovascular structures do not arise 
from structures in the pelvis (analogous to the ovarium). 

• Arteries: aa. testiculares from the upper portion of the 
aorta abdominalis 

• Veins: drainage to the plexus pampiniformis and then 
through the w. testiculares on the right side directly into 


the v. cava inferior, and on the left side into the left v. 
renalis 

Lymphatic drainage: nll. lumbales 
Autonomic innervation : 

- parasympathetic through the nn. vagi 

- sympathetic primarily through the nn. splanchnici 
minor and imus via the ganglia mesenterica superiora 
and aorticorenalia (via the plexus testicularis) 


Produce gametes (sperm) and male sex hormones (testos¬ 
terone). 


Of mesodermal origin, derived from the initially undiffer- 
entiated gonadal primordia in the crista mesonephrica in 
the area of the upper vertebrae lumbales. Sperm precursor 
cells migrate secondarily from the wall of the saccus vitel- 


linus. 

Note: The testes are located in the scrotum (extracorporeal 
location) because the higher temperature within the cavi¬ 
tas abdominalis would inhibit spermatogenesis. 


Failure of normal testicular descent leads to abdominal 
testes (testis remains in the cavitas abdominis or pelvis) 
or inguinal testes (testis remains in the canalis inguina¬ 
lis). The higher temperature within the cavitas abdom¬ 
inis or pelvis (as the testis is located closer to the core) 
inhibits the production of sperm and may lead to male 
infertility (with normal hormone production). 

Dilations of the plexus pampiniformis (varicoceles, 
mainly left sided) may lead to overheating of the tes¬ 


tis (due to the increased amount of warm blood) and 
reduced fertility. 

Malignant testicular carcinoma is one of the most com- 
mon cancers in young men. The risk of malignant testic¬ 
ular cancer (seminoma, teratoma) increases with crypt- 
orchidism (an undescended testis located within a body 
cavity). 
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Ovarium 


23.25 Ovarium 


Location Lies intraperitoneally in the pelvis minor in the fossa iliaca 
(after descent). 

Note: The peritoneal covering of the ovarium has mistak- 
enly been referred to as germinal epithelium although it 
does not participate in egg production. The “germinal epi- 



a peritoneal covering but rather the epithelium that pro¬ 
duces sperm. 


Shape and • Paired organ with the approximate size and shape of a 
structure pium, presenting an extremitas tubaria (vascular pole) 
and an extremitas uterina (uterine pole) 

• Divided into 

- connective tissue capsule (tunica albuginea), 

- cortex ovarii and medulla ovarii. 

The cortex ovarii consists of folliculi ovarici at various stages 


of development. Each folliculus contains a single oocyte 
surrounded by follicular epithelial cells and an envelope of 
connective tissue (theca folliculi). 

Note: Female sex hormones are not produced by the ovum 
but by cells of the connective tissue surrounding it. 


Neurovascular 

structures 

(see also p. 417) 


Primarily retroperitoneal abdominal circulation, pelvic cir- 
culation (iliac circulation) plays a minor role. 

• Arteries: aa. ovaricae from the aorta abdominalis, and rr. 
ovarici of the aa. uterinae (together they form the ovar- 
ian arcade) 

Note: When surgically removing the ovarium two vascu¬ 
lar systems need to be ligated due to the ovariunVs dual 
blood supply. 

• Veins: on the right side the v. ovarica dextra into the v. 


cava inferior, on the left side the v. ovarica sinistra into 
the left v. renalis; also ovarian venous plexus to plexus 
venosus uterinus 

Lymphotic droinage: into the nll. lumbales 
Autonomic innervotion: 

- parasympathetic primarily through the nn. vagi 

- sympathetic primarily through the nn. splanchnici 
minor and imus (via ganglia mesenterica superiora 
and aorticorenalia) 


Function • Production of female gametes (eggs) 

• Cyclic production of female sex hormones 


Embryonic Derived from the gonadal primordia in the intermedi- 

development ate mesoderm of the crista mesonephrica in the area of 

the upper vertebrae lumbales. From there, the ovarium 
descends into the pelvis minor (ovarian descent). 

Note: The embryonic ovarium is initially retroperitoneal in 
location, and moves intraperitoneal as the cristae meso- 


nephricae fuse. As the ovarium descends from the upper 
abdomen into the pelvis, it drags its neurovascular struc¬ 
tures with it. Thus, the neurovascular structures course 
within a fold of the peritoneum (the lig. suspensorium ova¬ 
rii). 


Major • Ovarian cancer: particularly malignant because the 
diseases tumor cells can easily spread within the entire cavitas 
abdominalis. 


Dysfunction of follicular development leading to reduced 
fertility or menstrual cycle disorder 
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(ACTH). See Corticotropin 
Adventitia/ae, recti, 372 
Air passages 

- lower, 23 

- structure, 22 

- upper, 22 

AIV. See R. interventricularis anterior 
Alcoclds canal. See Canalis 
pudendalis 
Alcohol, 240 
Aldosterone, 63, 290 
Allantois, 5, 30, 30f, 382 
Alpha cells, of insulae pancreaticae, 
253,253 f 
Alveolus/i 

- pulmonales, 22, 23,140, 141, 
141f, 146, 146f, 147, 147f 

- pulmonalis 
-formation of, 27 

- primitive, 27, 27 f 

- simple, 25 

Amino acid derivative hormones, 

61 1. See also Dopamine; 


Epinephrine; Norepinephrine; 
Serotonin 

Amnion, 4f, 14f 

Ampulla 

- ductus deferentis, 198f, 296f, 328, 
328f 

- duodeni, 224f 

- hepatopancreatica, 249f, 251, 
251f 

- recti, 37f, 233, 233f, 234, 234f, 
236, 237f, 239, 282, 373 f 

-tubae uterinae, 314f, 315, 315f, 
326, 326 f 

- urethrae, 300f, 300t 

Anal abscess, 239 

- infra levator, 239 

- intersphincteric, 239 

- ischiorectal, 239 

- pelvirectal, 239 

- subanodermal, 239 

- subcutaneous, 239 

- supralevator, 239 

Anal fistula, 239 

- atypical, 239 

- extrasphincteric, 239 

- intersphincteric, 239 

- subanodermal, 239 

- subcutaneous, 239 

- suprasphincteric, 239 

- transsphincteric, 239 

Anal pit. See Proctodeum 

Anastomosis 

- arterioarterial, 20 

- arteriovenous, 12, 235 

- between a. mesenterica inferior 
and a. iliaca interna, 205 

- between a. ovarica and a. uterina, 
340 

- between aa. coronariae, 112 

- between aa. mesentericae 
superior and inferior, 205 

- between arteries supplying 
intestinum crassum, 263 

- between plexus venosi prostaticus 
and vertebrales, 339 

- between systems of aa. 
mesentericae, 261 

- between truncus coeliacus and a. 
mesenterica superior, 205 

- between v. ovarica and v. uterina, 
342 

- between v. phrenica inferior and v. 
suprarenalis, 291 f 

- between v. suprarenalis and v. 
phrenica inferior, 302, 303, 303 f 

- between v. umbilicalis and ductus 
venosus, 20 

- between v. umbilicalis and v. 
portae hepatis, 20, 20 f 

- between vasa lymphatica on both 
sides of penis, 344 

- between vv. azygos/hemiazygos 
and lumbalis ascendens, 210 

- between vv. hemiazygos and 
hemiazygos accessoria, 81 


- between vv. mesenterica inferior 
and cava inferior, 269 

- between vv. mesentericae superior 
and inferior, 268, 269 

- between vv. portae hepatis and 
oesophageales, 163 

- between vv. rectalis superior and 
media/inferior, 271 

- cavocaval, 80, 207, 210 

- coloanal, 241 

- Drummond, 204f, 205 

- ductus arteriosus, 20 

- in aortic isthmus stenosis, 190 

- in surgical coronary 
revascularization, 123 

- intercaval, 207. See also 
Anastomosis, cavocaval 

-ofvv. praecardinales, 17,17 f 

- pancreatic arcade, 259 

- portacaval, 208, 210 

- portosystemic, 211 

- Riolan, 204f, 205 
-venous, abdomen and pelvis, 

210-211 

- venovenous, 20 
Androgens, 63t, 290 
Aneurysm 

- aortic, 192-193 

- defined, 192 

- diagnosis, 192 

- dissecting, 192 
-false, 192 
-fusiform, 192 

- in aorta, 79 

- saccular, 192 

- symptoms, 192 
Angina pectoris, 117 

- stable, 117 

- unstable, 117 

Angiography, digital subtraction, 

192 

Angiomuscular closure, 159 
Angiotensinogen, 63t 
Angleof His, 159, 159f 
Angulus 

-inferior, scapulae, 170f, 171f, 172f, 
172t, 350f 

-sterni, 172, 172f, 172t 

- superior, scapulae, 171 f 
-venous 

- sinister, 58f 
Annular pancreas, 39t 
Anoderm, 233, 233f, 234f, 237f, 

239f 

Anorectal angle, 235, 236 
Anorectal atresia, 39 
Anorectal canal, 37, 37f, 43f, 

44, 44f. See also Canalis analis; 
Rectum; Canalis analis; Rectum 
Anorectum, 233, 236 
Ansa 

-cordis, 14,16, 19 

- anterior view, 15 
-ascending limb, 16,16f 

- caudal section, 15 f 

- cranial section, 15f 
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-descending limb, 16,16f 

- formation of, 15 

- left lateraI view, 15 

- nephroni, 44, 44f 287 

- umbilicalis, intestini, 36, 36f 38, 
38t 

Anteflexion, of uterus, 318, 318t 
Anteposition, of uterus, 318 
Anterior axillary line, 109 f 
Anterior layer of abdomen and 
pelvis, 200 

Anterior trunk wall, 174 

- arterial supply, 174 

- neurovascular structures, 174 
Anteversion, of uterus, 318, 318t 
Antiadrenergic therapy, 330 
Anti-androgens, 330 
Antidiuretic hormone (ADH). See 

Vasopressin 
Antigens, 56 

Anti-Mullerian hormone (AMH), 50, 
50t, 53 

Antiperistalsis, in oesophagus, 160 
Antrum/a 

-follicularia, 325, 325 f 

- pyloricum, 220f 221,221 f, 223, 
223f 277 

Anulus 

- femoralis, 383, 383f 383t 
-fibrosus 

- dexter, 98, 99 

- sinister, 98, 99 
-valvae aortae, 99 

- valvae trunci pulmonalis, 99 

- inguinalis 

- profundus, 332, 382, 382f 383f 
383t 

- superficialis, 382, 383t 

- lymphaticus, cardiae, 165, 165f 
273,272f 

Anus, 30, 233f 234, 234f 239f 
301 f See also Canalis analis; 
Canalis analis 

Aorta, 6f 7 f 10f 21 f, 48f 70, 73, 
75f 78, 79, 97, 123f 156, 156f 
157, 169, 178, 183,379 

- abdominales, unpaired and 
indirect paired branches, 204-205 

- abdominalis, 9f 20f 41 f 59, 77, 
77f 79, 82f 84f 162f 190, 192, 
193, 198f 200f, 201 f, 202f 203, 
204f 206, 206f 207, 207f 208, 
212, 212f 215f 216, 218, 220f 
224, 224f 225f 243 f 244f 249f 
252f 254f 256, 256f 257, 258f 
259, 259f 260, 261f 262,263, 
263f 266f 270f 274f 282f 283f 
284f 285, 291,291 f, 292f 293f 
302, 302f 303, 305, 305f 306, 
306f 307, 336f 338f 340f 341 f, 
342, 342f 344, 344f 345, 345f 
361 f, 362f 364f 366f 367, 367f 
374, 374f 376f 378, 379f 380f 
381 f, 392f 401 f, 405f 406f 407f 
408f 409f 41 Of, 411 f 412f 413f 
414f 415f 416f 417f See o/so 
Pars abdominals aortae 

- direct paired branches, 202-203 

- projection onto columna 
vertebralis, 203 


- ascendens, 13f 16, 19, 70t, 71 f 
78, 78f 82f 87f 90f 91,91 f 97, 
99f 104f 107f 112f 113f 116f 
119f 120f 123, 126, 126f 130f 
142, 142f 144f 156f 162f 166f 
177f 180f 181 f 185, 185f 188f 

193f 402f See o/so Pars ascendens 
aortae 

- carotis, communis, 78 f 

- coarctation, 79, 190-191 

- descendens, 13f 78, 78f 120f 
145, 145f 179, 179f 188f 190, 

190f 191,193f See o/so Pars 
descendens aortae 

- dorsalis, 4f 14f 15, 15f 

- elasticity of walls of, 79 

- isthmus stenosis, 190 

- parts of, 78 

-thoracica, 70t, 77, 77f, 78-79, 

82f 87f 89, 89f 104, 127, 129f 
130f 131f 133f 144, 144f 148f 
156, 156f 157, 162f 166f 177f 
178, 178f 183f 185f 190, 191, 

193, 401 f 404f 405f See o/so Pars 
thoracica aortae 
-ventralis, 15,15f 

- Windkessel function, 79 

Aortic aneurysm, 192-193. See o/so 
Aneurysm 

Aortic dissection, pathophysiology, 
193 

Aortic isthmus stenosis. See o/so 
Coarctation of the aorta 

- conventional radiology, 191 

- interventional therapy, 191 

- postductal, 190, 190f 191 

- preductal, 190,190f 
Aorticomesenteric angle, 261 
Aortocoronary venous bypass 

(ACVB), 122, 123, 123f 
Aortoiliac bifurcation prosthesis, 

192 

Aortopulmonary window, 102 f 
Apertura 

- pelvis 

- inferior, 8, 327f 327 1 

- superior, 200t, 242, 327f 368 
-thoracis 

-inferior, 73,173, 173f 
-superior, 71f 128,129,134, 

136, 150f 173, 173f 177, 186, 
187,188-189 
Apex/pices 

- cordis, 78f 88, 88f 92, 92f 93f 
94, 96f 97f 101f 102f 104f 

107f 108, 110, 112, 112f 128f 
142f180f 

- prostatae, 329 f 

- pulmonis, 129f 136, 136f 137f 
173f 

- pulmonum, 129 

-vesicae urinariae, 295f 296, 296f 
328f 

Apical beat, 88 

Aponeurosis musculi oblique externi 
abdominis, 333t 
Appendicitis, 230, 231 
Appendix/ices 

- epididymidis, 54t 

- epiploicae, 228 1, 355f 358f See 
o/so Appendices omentales 


- fibrosa, hepatis, 244, 244f 245f 
246f 

-omentales, 227f 229, 229f 
-testis, 54t, 55f 

-vermiformis, 2f 28, 28f 29f 31 f 
32f 36, 36f 38t, 56f 200f 228, 
228t,229f 230-231,230, 268, 
279, 281,353f 385f 387f 

- development, 36 

- fact sheet, 430 

- neurovascular supply, 410 

- variations in position, 231 
-wall structure, 231 

-vesiculosa, 54t, 314f 315f 
Arbor/res 

-bronchialis, 23,27,83,84,127, 
135, 137, 138, 141,142, 146, 147, 
151,154 

- anterior view, 23 

- autonomic innervation, 148 

- conducting and respiratory 
parts, 140 

- development, 24, 25 
-functional structure, 140-141 

- lymphatic drainage, 149 

- reconstruction from CT, 154 

- structure, 134 

- ventral view, 26 
Arcus/us 

- aortae, 15, 15f 20f 70, 70 1, 78, 
78f 79, 82, 85f 87, 87f 88f 90f 
92f 93, 93f 94f 95f 96f 97f, 

102f 103, 103f 1 07 f, 108f 124, 

125f 127f 128f 129f 131f 142, 
142f 144f 145f 152f 156, 156f 
157f 162f 166f 172t, 173f 176, 

176f 178, 178f 179, 179f 180f 
183,183f 184f 185,185f 186f 
188-189, 188, 188f 190, 190f 
191,193f 405f 

- branches, 189 
-branching patterns, 188 
-congenital abnormalities, 188 

- costalis, 74f 150f 170f 242f 248, 
350f 352 

- iliopectineus, 337f 3371, 383f 

- pharyngeus, 19, 24 

- cartilaginous element, 24f 

- primus, 24f 

- quartus, 24f 

- secundus, 24f 

- sextus, 24f 
-tertius, 24f 

-tendineus 

- fasciae pelvis, 295f 296, 298, 
299, 299f 301 f 

- musculi levatoris ani, 295f 299 f 
Area/ae 

- gastricae, 223 f 

-nuda, 34, 177f 284, 362,376 
Areola/ae, mammae, 170f 350f 
Arteria/ae, 67 f 

- appendicularis, 230f 261 f 261 1, 
410 f 

- arcuata, 286f 287, 287f 304f 

- arcuum pharyngeorum, 15,15f 
24 f 

-axillaris, 13f 174, 174f 

- brachialis, 13f 
-bronchiales, 142, 178f 184f 

- bronchialis, dextra, 178 f 


- bulbi 

- penis, 336 f 

- vestibuli vaginae, 336f 

- caecalis 

- anterior, 260f 261 1, 262f 410 f 

- posterior, 260f 261 1, 262f 410f 

- carotis 

- communis, 13f 70 1, 78f 78 1, 

82f 85f 87f 88f 90f 92f 93, 93f 
126f 143f 144f 145f 157f 162f 
162t, 166f 169f 173f 176f 179f 
184f 186f 187f 188, 188f 189f 

190f 

- externa, 13f 

- interna, 13f 15f 

- caudae pancreatis, 204f 205t, 
258f 259f 408f 

- circumflexa 

- ilium profunda, 174f 202f 206f 
382f 

- ilium superficialis, 174,174f 

- colica 

- dextra, 204f 205t, 225f 260f 
261,261 f 261 1, 262f 279f 281 f 
41 Of 

- media, 198f 204f 205f 205t, 
227f, 254f 260f 261,261 f 2611, 
262f 263, 281 f 355f 361 f 41 Of 

- sinistra, 204f 205f 205t, 225f 
252f 262f 263, 263f 281 f 363f 
374f 376f 377f 380f 392f 411 f 

- coronaria 

- classification, 113 

- dextra, 78t, 98, 98f 99f 100, 
lOOf 112, 112f 113, 113f 113t, 
114,114f 115, 115f 116, 116f 

118, 119, 119f 120, 121,402f 

- distribution, 114t 
-origins, 120,121 

- sinistra, 78t, 88f 92, 98, 98f 99f 
100, lOOf 112,112f 113,113f 
113t, 114, 114f 115f 116f 118, 

119, 119f 120,120f 121,180f 
402f 

- coronariae, 111,112-113,116, 
118, 123, 124f 127f 

- corticalis, radiata, 287f 304f 

- cremasterica, 335f 

- cystica, 204f 243f 244f 245f 
248, 248f 256f 257, 257f 258f 
260f 363f 406f 

- dorsalis 

- clitoridis, 319f 336f 

- pedis, 13f 

-penis, 300f 335f 336f 338f 
339 

- ductus deferentis, 205f 205t, 

335f 336f 338f 339, 341,382, 
382f 383f 393f 415f 

- epigastrica 

- inferior, 174,174f 202f 206f 
227f 292f 335, 335f 336f 354f 
355f 358f 359f 382, 382f 383f 
385f 391 f 392f 
-superficialis, 174,174f 
-superior, 172t, 174, 174f 

-femoralis, 13f 118,122,122f 
174, 174f 335f 382f 383f 394f 
396 f 

- fibularis. See A. peronea 
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- gastrica 

- dextra, 203/ 204/ 205t, 243f, 
256/ 257/ 258/ 260/ 407/ 

- posterior, 204/, 257, 257/ 258/, 
407f 

-sinistra, 13/ 162/, 203/ 203t, 
204f, 205t, 225f, 243f, 254f, 256/, 
257, 257/, 258, 258/, 259/ 260/ 
277/ 291/ 361/ 378/ 380/ 401/ 
406/ 407/ 

- gastricae, breves, 257/ 258/ 407/ 

- gastroduodenalis, 203/, 204/ 

205t, 243/ 256/ 257/ 258/ 259/ 
260/ 276, 407/ 408/ 

- gastroomentales, 256, 256/ 277/ 
-gastroomentalis 

- dextra, 204/, 205t, 243/ 257/, 
259/ 260/ 407/ 

- sinistra, 204/ 205t, 243/, 256/ 
257/ 258, 258/ 259/ 407/ 

- glutea 

- inferior, 205/, 205t, 264/ 336/, 
337t, 339, 341/ 

- superior, 202/ 205/ 205t, 264/ 
292/ 336/ 337t, 338/ 339, 341/ 
393/ 

-hepatica, 12, 12/247 
-communis, 13/ 162/ 203/ 203t, 
204/ 205t, 225/ 243/ 249/ 252/ 
256/, 257, 257/ 258/, 259/ 260/ 
291/ 361/ 366/ 377/ 406/ 407/ 
408/ 

- propria, 203/ 204/ 205t, 208, 
243, 243/ 244/ 245, 245/ 246, 
247/, 248/, 249/ 256, 256/, 257, 
257/ 258, 258/ 259/ 260/ 276, 
277, 291/, 363, 363/ 374/, 376/ 
378/ 380/ 406/ 

- hepatosplenica, 257 

- ileales, 204/ 205t, 260/ 261/ 

2611, 279/368,409/ 

- ileocolica, 204/ 205t, 260/, 261, 
261/ 2611, 262/ 279/ 281/ 409/ 
410/ 

-iliaca 

-communis, 13/ 198/ 202, 202/ 
203/, 204/ 205, 205/, 206/ 262/, 
264/ 275/ 283/ 293, 293/ 306/ 
312,312/ 336, 336/, 338/ 340/ 
341/ 342/, 343/, 345/ 374/, 

- externa, 376/ 378/ 387/ 390/ 
391/392/393/395/ 

-interna, 13/202, 202/203t, 
205/ 205t, 263/ 264, 264/ 275/ 
281,292/ 306/, 307/ 312/ 335/, 
336, 336/ 337, 338, 338/ 339, 
340, 340/ 341,341 / 342, 342/, 
343/ 387/, 390/, 391/ 392/ 393/ 
412/414/415/416/417/ 

- iliacae, 212 

- iliolumbalis, 202/ 205/ 205t, 

336/ 337t, 338/ 340/ 341/ 381/ 

-intercostalis, 133/ 174,174/ 178/ 
182/ 183/ 184,190,190/ 191 

- interlobaris, renis, 286/ 287, 287/ 
304/ 

- interlobularis, 247, 247/ 287 

- interventricularis, anterior, 88/ 
-jejunales, 204/ 205t, 260/ 261/ 

261t, 279/368, 379/409/ 

- laryngea, superior, 158/ 


- ligamenti teretis uteri, 342/ 

- lingularis, 143t 

- lobares, 142 

- lobaris 

-inferior, 143t, 152/ 

- media, 143/ 143t 
-superior, 143t 

- lumbales, 202/ 203/ 203t 

- lusoria, 188 

-mammaria, interna, 190/ 

- mesenterica 

- inferior, 13/ 202/ 203/ 203t, 
204/ 205/ 205t, 206/ 209, 241, 
261,262, 262/, 263/ 264, 264/, 
275/ 278, 281,283/, 292/ 302/ 
303/ 338/ 340/ 342/ 353t, 374/ 
376/ 378/, 392/ 393/, 411/ 412/ 

- superior, 13/ 36, 36/ 38t, 198/ 
202/ 203/ 203t, 204/ 205/ 205t, 
206, 206/, 209, 224/ 225/, 249/ 
252, 252/ 253/ 257, 257/ 258, 
258/ 259, 259/ 260-261,260, 
260/, 261/ 262, 262/, 263, 263/ 
267/ 276, 277/ 278, 279, 283/ 
291/ 292/ 302/ 303/ 307/ 353t, 
363/ 365/ 366/ 367, 367/ 374/ 
376/, 377/ 378/, 379/ 380/ 408/, 
409/410/ 

- mesentericae, 274 

- musculophrenica, 77, 77/ 78t, 
405/ 

- obturatoria, 202/ 205/ 205t, 264/ 
336/ 3371, 338/, 339, 340/ 341/, 
342/ 343/ 382/ 383/ 387/ 390/ 
391/393/ 

-of oesophagus, 162 

- omphalomesenterica, 15/ 

- ovarica, 13/ 202/ 203/ 203t, 

206/ 293, 293/, 294/ 302/, 303/, 
307/ 314/, 324, 324/ 340, 340/, 
342, 342/ 349, 390/ 391/ 395/ 
417/ 

-dextra, 291/343/378/ 

- sinistra, 283/ 291/ 342/ 343/ 
378/ 

- variants in origin, 343 

- pancreatica 

- dorsalis, 204/ 205t, 258/ 259/ 

- inferior, 204/ 205t, 258/ 259, 
259/ 

- magna, 204/ 205t, 258/ 259, 
259/ 408/ 

-transversa, 204/ 205t, 258/ 

- pancreaticoduodenalis, 276, 277/ 

- inferior, 204/ 205t, 258/ 259/ 
261/, 261t, 408/ 

- superior anterior, 204/ 205t, 
243/ 256/ 258/ 259/ 260/ 408/ 

- superior posterior, 204/ 205t, 
243/, 256/, 258/ 259/, 260/ 408/ 

- parasympathetic effects, 2191 

- penicillaris, 255, 255/ 

- pericardiacophrenica, 70t, 77, 77/ 
78t, 90/ 124/ 131,133/ 169/ 
175,175/ 176, 176/ 180/ 182, 

182/, 183, 183/ 184/, 185/, 186/ 
400/ 403/ 405/ 

- perinealis, 313/ 336/ 

- peronea, 13/ 


- phrenica 

- inferior, 77, 77/ 162/, 202/ 203/ 
203t, 283/ 291/ 292/ 302, 302/ 
303/305,305/405/413/ 
-superior, 77, 77/78t, 405/ 

- poplitea, 13/ 192 

- profunda 

- brachii, 13/ 

- clitoridis, 336/ 

-femoris, 13/ 

- penis, 300/ 336/ 

- pudenda 
-externa, 335/ 

- interna, 205/, 205t, 232/ 263, 
263/ 264, 264/ 336, 336/ 337t, 
338/ 339, 340, 340/ 341/ 387/ 
390/396/412/ 

- pulmonales, divisions of, 142 

- pulmonalis, 10,10/, 12, 12/, 

20, 20/21,70, 78/85/ 102/ 

103/ 111, 126,127, 127/ 131, 
142-143,144, 145, 146,146/ 

147, 185, 188/ 

- dextra, 92/ 93, 93/ 95/ 96/ 97/ 
100, 100/, 120/ 129/, 131/ 137/ 
142, 142/ 143,143/ 152/ 157/ 
177/ 185/ 188/404/ 

- projection onto chest wall, 143 

- radiographic appearance, 153 

- sinistra, 88/ 90/ 92/ 93, 93/ 

95/ 96/ 97/ 120/ 129/ 131/ 
142/, 143,143/ 145/, 152/ 157/ 

169/ 176/ 178/ 179/ 183/ 184/ 
185/, 186/ 188/404/ 

- radialis, 13/ 

- recta, 260/ 

- rectalis 

- inferior, 205/ 263, 263/, 264, 
264/ 265/ 336/ 338/ 339, 340, 
340/341/412/ 

- media, 205/ 205t, 263, 263/ 
264, 264/ 265/, 336/ 337t, 338/, 
339, 340, 340/ 341,341/ 342/ 
343/ 372/ 373, 373/ 390/ 391, 
391/392/393/412/ 

- superior, 204/ 205/ 205t, 

235, 235/ 262, 262/ 263, 263/ 
264, 264/ 265, 265/ 338/ 340/ 
372-372/ 373, 373/ 391/ 391, 
392/393/411/412/ 

- renalis, 13/ 40,44,192,198/ 
202/ 203/, 203t, 204/ 265, 286/, 
288/ 290/ 292/ 302, 304/ 305, 
305/ 353t, 378/ 413/ 

-aberrant, 305, 305/ 

- accessory, 305, 305/ 

- dextra, 283/, 285, 285/ 291/, 
302, 302/, 303/, 366/ 

- sinistra, 260/ 261/, 283/ 302, 
302/, 303/, 380/ 

-variants, 305 

- retroduodenales, 204/, 205t 

- sacralis 

- lateralis, 202/, 205/, 205t, 292/ 
336/337t, 339, 341/393/ 

- mediana, 202/ 203/ 203t, 206/ 
264/, 292/ 336/ 338/, 340/ 342/, 
372/ 373/ 392/ 393/ 

-segmentales, basales, 143t 
-segmentalis, 138,142 
-anterior, 143t 


- apicalis, 143t 

- lateralis, 143t 

- medialis, 143t 

- posterior, 143t 
-superior, 143t 

- segmenti anterioris inferioris, 304, 
304/, 305/ 

- segmenti anterioris superioris, 
304, 304/ 305/ 

- segmenti inferioris, 304, 304/ 
305/ 

- segmenti posterioris, 304, 304/ 
305/ 

- segmenti superioris, 304, 304/, 
305/ 

- segmentorum, renis, 288/ 304 

- sigmoideae, 204/, 2051, 262/ 263, 
263/264/281/392/411/ 

- splenica, 13/ 162/ 198/ 203/ 
203t, 204/ 205t, 225/ 243/ 249/ 
252/ 254/ 255/ 256/ 257, 258, 
258/ 259, 260/ 276, 291/ 361/ 
363/, 364, 366/ 374/ 376/ 377/, 
378/, 380/ 406/, 407/ 408/ 

- subclavia, 70t, 78/ 78t, 85/ 87, 
87/ 88/ 90/ 93, 93/, 123/ 126/, 
129/, 130/ 131/, 143/, 144/ 145/, 
157/, 162/ 166/ 169/ 173/ 174, 

174/, 176/, 179/ 184/ 185/ 186/, 
187/ 188, 188/ 189/ 190,400/ 
401/403/405/ 

- dextra, 13/ 

-sinistra, 13/, 92/ 

-supraduodenalis, 204/, 205t 

- suprarenalis 

- inferior, 202/ 203/, 203t, 283/ 
285/ 290/, 291/ 292/ 302, 302/ 
303,303/305,305/413/ 

- media, 202/ 203/ 203t, 283/ 
285/ 290/ 291/ 292/ 302, 302/ 
303, 303/305,305/413/ 

- superior, 202/ 203/ 203t, 283/ 
285/ 291/ 292/ 302, 302/ 303, 
303/305/378/413/ 

- sympathetic effects, 218t 
-testicularis, 203/, 203t, 293, 293/ 

302/ 303/ 332/ 333/ 335/, 339, 
347, 382/ 383/ 392/ 415/ 
-dextra, 291/ 343/ 

-sinistra, 291/ 343/ 

-variants in origin, 343 
-thoracica, 162t 

- interna, 13/, 77, 77/ 89/ 123, 
123/ 130/, 133/, 144,162/, 174, 
175/ 176/, 177/ 184/ 186/, 189/ 
190,190/400/403/405/ 

- lateralis, 174, 174/ 

-superior, 174, 174/ 

-thoracodorsalis, 174,174/ 

- thyroidea 

- ima, 78t 

- inferior, 78t, 162/ 401/ 

-tibialis 

-anterior, 13/ 

- posterior, 13/ 

-trabeculares, 255, 255/ 

- ulnaris, 13/ 
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- umbilicalis, 15 f, 20, 20 f, 202f, 

205 f, 205 1, 227f, 292f, 294f, 335f, 
336f, 337t, 338f, 339, 340f, 341, 
341 f, 342f, 354f, 355 f, 359 f, 382, 
385f,392f,393f,414f,415f 

- urethralis, 300f 

-uterina, 205f, 205t, 264, 313f, 
314, 320f, 337t, 340, 340f,341, 
341 f, 342f, 343, 343f, 389, 390, 
390f, 391,391 f, 416f, 417f 

- vaginalis, 337 1, 340f, 341,341 f, 
342f, 390 f 

- vertebralis, 162 f, 188 f, 189,189 f 
-vesicalis, 391 

- inferior, 202 f, 205f, 205t, 313, 
336f, 337t, 338f, 339, 340, 340f, 
341,341 f, 342f, 343f, 390f, 391 f, 
393f,414f,415f 

- superior, 205t, 336f, 338f, 339, 
340, 340f, 341 f, 342f, 343f, 382, 
390f, 391 f, 393f, 414f 

-wall structure, 11f 
Arteriol a/ae, 10, 12,12f 

- glomerularis 

- afferens, 40f, 286, 286f, 287, 
287 f 

- efferens, 40f, 286, 286f, 287, 
287 f 

- recta, 287 f 
Arteriosclerosis 

- pathogenesis, 117 

- risk factors, 117 
Artery, 10. See also Arteria 
Articulatio/ones 
-acromioclavicularis, 170 f 

- sacroiliaca, 307 
Asbestos, 240 
Ascent of renes, 43 
Aspermia, 334t 
Aspiration, 27 
Atelectasis, 153 
Atherosclerosis, 192 

Atrial natriuretic peptide, 63t 
Atrial septal defect (ASD), 21, 105, 

105f 

- primum, 21 

- secundum, 21 

- sinus venosus, 21 

Atrium/a, 16, 16f, 60 f, 63 1, 98, 99, 
110, 111 

- cordis, sinistrum, 60f,183 

- dextrum, 10f, 17, 17f, 18,18f, 20, 
20f, 21 f, 80, 89f, 92, 93, 93f, 95f, 
96 f, 102, 102f, 105, 105f, 107f, 
108, 108f, 111f, 112, 112f, 113, 

114t, 120f, 125f, 128f, 130f, 142f, 
145f, 152f, 179f, 243, 402f, 404f 

- anterior segment, 96 

- posterior segment, 96 

- lateral view, 96 

- lymphatic drainage, 125 

- musculature of, 94 
-sinistrum, 10f, 17,17f, 18, 18f, 

20, 20f, 21 f, 71,71 f, 88, 89, 89f, 
92, 93, 93f, 95f, 96f, 97, 97f, 99f, 
101f, 102,102f, 103, 104f, 105, 

105f, 107f, 108f, 111f, 112f, 114t, 
120, 120f, 1 25 f, 128 f, 130f, 143, 
145f, 152f, 157, 157f, 177, 177f, 
179f,404f 

- transformation of, 17 


Auerbach plexus. See Plexus 
myentericus 
Auricula/ae 

- dextra, 17, 88, 88f, 92, 92f, 94f, 

96, 96f, 112f, 113f, 180f 

- sinistra, 17, 88, 92, 92f, 93f, 94f, 
97f, 112f, 113f, 128f, 180f 

Autocrine secretion, 60 
Autonomic nervous system. 

See o/so Neuron, autonomic; 
Parasympathetic nervous system; 
Sympathetic nervous system; 

Pars parasympathica systematis 
nervosi; Pars sympathica 
systematis nervosi 
-abdomen and pelvis, 216-219 

- afferent pathways, 66 

- Circuit diagram, 65 
-cor, 126 

- enteric. See Plexus entericus 

- female genitalia, 348-349 

- in abdomen, 276-281 

- in thorax, 86-87 

- male genitalia, 346-347 

- partes sympathica and 
parasympathica, 64-65 

- urinary organs and gll. 
suprarenales, 308-309 

Autotolerance, 168 
AV bundle. See Fasciculus 
atrioventricularis 
AV node. See Nodus 
atrioventricularis 

AVN. See R. nodi atrioventricularis 
Axilla/ae, 152,152 f 
Axonema, 333 
Azoospermia, 334t 

B 

B lymphocytes, 56 
Balloon dilatation 

- aortic isthmus stenosis, 191 

- coronary heart disease, 122-123 
Barium sulfate, 370 

Basal cells, 135,135f 
Basal lamina, in blood vessels, 11f 
Basement membrane, 135, 135f 
-tunicae mucosae, vesicae 
urinariae, 297 f 
Basis/es 

-cordis, 88, 92, 127, 127f 

- prostatae, 329 f 
-pulmonis, 136,136f, 137f 

- pulmonis sinistri, 136 
Bellows effect, 150 

Benign prostatic hyperplasia (BPH), 
329, 330 

Beta cells, of insulae pancreaticae, 
253,253f 
Bicarbonate, 225 
Bicarbonate buffering system, 22 
Bicuspid valve. See Valva 
atrioventricularis sinister 
Bifurcatio/onis 

- aortae, 202, 203f, 205, 206, 262f, 
312, 312f, 353t, 378 f 

- tracheae, 84, 129,134,134f, 135f, 
148, 155, 161, 165, 172t, 179 f, 
185 

- superior view, 134 


-transverse section, 84 
Bile, 29, 224 

- composition, 249t 
-function, 249t 

- secretion, 249t 
Bile acids, 249t 

Bile duct, 34, 35t, 248-249, 
250-251,276. See also Ductus 
choledochus; Ductus hepaticus; 
Ductus pancreaticus 

- endoscopic retrograde 
cholangiopancreatography, 250 

- extrahepatic, 34 

- fact sheet, 433 

- lymphatic drainage, 273 

- projection onto skeleton, 248 

- projection onto surface of hepar, 

248 

- relationship to adjacent organs, 

249 

- sphincter system, 251 

- variants, 251 

Bile pigments, 249t 

Bile salts, 249t 

Biliary atresia, 39t 

Biliary sphincter system, 251 

Biliary stasis, 247 

Bilirubin, 249t 

Birth canal. See Cervix uteri; 

Diaphragma pelvis; Vagina 
Bladder, urinary. See Vesica urinaria 
Bladder stones. See Urinary calculus 
Blastema/ata, metanephrogenicum, 
43 

Blastocyst, 326, 326 f 
Blood, components of, 10 
Blood poisoning, 57 
Blood pressure, 11 

- and lymph formation, 57 
Blood sugar, 29 
Blood-air barrier, 22 
Blood-thymus barrier, 168 
B-mode ultrasound, 104 
BochdalelVs triangle. See Trigonum 

lumbocostale 
Body cavities, 2-9 

- compartmentalization of coeloma 
intraembryonicum, 6-7 

- connective tissue space of, 9 

- definitions, overview, evolution, 
2-3 

- development of, 4-5 

- evolution, 3 

- hollow space of, 9 

- in fish, 3 f 

- in mammals, 3 f 

- midsagittal section, 8 

- organization and architecture, 8-9 

- spaces and organs, 9t 

- structure, 9 

Bone marrow. See medulla ossium 
Bony landmarks, thorax, 171 
Bowman’s capsule. See Capsula 
glomerularis 
Boxing position, 103 
BPH. See Benign prostatic 
hyperplasia 
Brachytherapy, 330 
Bradykinin, 63t 
Breathing. See also Respiration 

- mechanics, 23 


Bronchial asthma, 141,148 
Bronchiectasis, 154 
Bronchiolus/i, 22, 25f, 136, 140, 
140f 

- respiratorii, 23, 25f, 27, 27f, 140, 

140f, 141 f, 146f, 147, 4221, 424t 

- respiratorius, structure, 141 
-terminalis, 25f, 27, 27f, 140, 140f 
Bronchography, 154 
Bronchus/i, 22, 78t, 83f, 131,185 

- arterial supply, 144 

- autonomic neurons, 24 f 

- cartilage, 24f 

- epithelial lining, 24f 

- fact sheet, 424-425 

- intermedius, 155,155f 

- intrasegmentalis, 25,140,140f 

- large, 25 f 

- small, 25 f 

- lingularis 

- inferior, 135t 

- superior, 135t 

-lobares, 23,25, 134, 140, 142, 
148, 182 

- lobaris 

-inferior, 129f, 131f, 134f, 135t, 

137f, 144f, 155, 178f, 185f 

- inferior dexter, 25 f 

- inferior sinister, 25 f 

- medius, 25f, 134f, 135t, 137f, 
144f, 155 

-superior, 129f, 131f, 134f, 135t, 
137 f, 144f, 152f, 153, 154f, 155, 
155f, 185, 185f 

- superior dexter, 25 f 

- superior sinister, 25 f 

- neurovascular supply, 404 

- principales, 22, 23, 70, 78f, 87, 
128, 129, 135f, 140, 142f, 144, 
148, 165 

- principalis 

- dexter, 22f, 23f, 25, 25f, 26f, 27f, 
71 f, 81,81 f, 87f, 134, 134f, 135t, 
142f, 144f, 145f, 148f, 152f, 1 54f, 

155, 156f, 157f, 161f, 162f, 165f, 

179f, 185, 185f, 188f 

- endoscopy, 134 

- foreign bodies in, 134 
-sinister, 22f,23f, 25, 25f,26f, 

27f, 79, 81 f, 85f, 87f, 107f, 134, 
134f, 135t, 142f, 144 f, 145f, 148f, 

152f, 154f, 156f, 161 f, 162f, 165f, 

177f, 178f, 179, 179f, 183, 183f, 
185, 185f, 188f 

-segmentales, basales, 135t, 155, 
155 f 

- segmentalis, 25, 25f, 128, 134, 
138, 140, 140f, 142, 145f, 148, 
179f 

-anterior, 135t, 155,155f 
-apicalis, 1351,155,155 f 
-apicoposterior, 1351 
-lateralis, 1351,155,155f 
-medialis, 1351,155,155f 
-posterior, 1351,155,155f 
-superior, 1351,155 

- smooth muscle, 24f 
-venous drainage, 144 

Brunner glands. See Gll. duodenales; 
Gll. duodenales 

Buccopharyngeal membrane, 14f 
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Bulbus/i 

- aortae, 78, 98 
-cordis, 16, 16f, 19 

- penis, 234 f, 295 f, 296, 296 f, 298, 
298 f, 300 f, 311 f, 373 f, 387 f, 396 f 

- sinuvaginales, 51 
-vestibularis, 54t, 313f 
-vestibuli, 295 f, 296, 301 f 
Bundle of His. See Fasciculus 

atrioventricularis 

Bursa/ae 

- omentalis, 35, 35 f, 35 1, 37, 37f, 
38t, 198f, 199f,201f,220, 243, 
252,254, 254f, 356,357,359, 
360f, 361 f, 362, 366f 

- boundaries, 360t 

- shape and location, 360 

- surgical approaches, 360t 
-topography, 360-361 

c 

Caecum/a, 2 f, 28, 28f, 29f, 31 f, 32f, 
36, 38t, 39f, 200 f, 2001, 207, 214f, 
227, 227f, 228, 228f, 228t, 229f, 
230-231,268,275,278,279, 

281,353f, 357f, 358f, 359f, 368, 
371 f, 385f 
-fact sheet, 430 

- neurovascular supply, 410 

- primordiale, 36 f 
-wall structure, 231 
Calcitonin, 63t 
Calcium, 40, 116, 117 
Caliceal stone, 288 
Calix/ices 

- renales, 43, 43f, 54t, 287, 289 

- renalis 

- closure of, 289 

- major, 286 f, 288, 288f, 304f 
-minor, 286f, 288, 288f 

- superior, 286f, 288 f 
Calot’s triangle, 248, 248f, 363f 
Calyx. See Calix 

Campus/i, cordis, primus, 14 
Canaliculus/i, biliferi, 247, 248, 249t 
Canalis/les 

- analis, 28, 31,31f, 37f, 38t, 39, 42, 
219, 232, 232f, 233, 233f, 234f, 
235, 236, 238, 239, 369, 397 f 

- endosonography, 241 

- innervation, 236 

- midsagittal section, 234, 235 
-atrioventricularis, 16,16f, 18,19 

- dexter, 16 f 
-sinister, 16f 

- cervicis, uteri, 315, 315f, 316f, 

320, 320f, 321,321/% 322, 323, 

323 f, 389 f, 394, 394f 

- digestorius, 4, 4 f, 5, 5 f, 6, 6 f, If, 
30f, 31,32,36, 38f,38t, 42f 

-gastrici, 221,222, 223 

- gastrointestinalis, 60f 

- inguinalis, 49, 314t, 332, 334f, 
334t, 335, 339, 353f, 382, 385, 
388 

- obturatorius, 337 f, 337 1, 394 f 

- pericardioperitoneales, 
primordiales, 6, 6 f, 7, 7 f, 26 

- pudendalis, 264, 337 f, 337 1, 387 f 

- pyloricus, 220 f, 221,221f, 222 


- sacralis, 372 f, 373f, 393f 

- spinalis, 339, 366 f 

- uterovaginalis, 50 f, 51 
Candida albicans, 320t 
Cannon-Boehm point, 31,278 
Capillary, 10, 12 f. See also Vas 

capillare 

- lymphatic. See Vas lymphocapillare 
Capillary region 

- of lower body, 10 f 

- of pulmo, lOf 
Capsul a/ae 

- adiposa, renis, 41,225, 252, 282, 
283, 283f, 284, 284f, 285f, 290, 
290f,291,292,292f,302,366f, 
379,380 

- fibrosa 

- glandulae suprarenalis, 290 f 

- hepatis, 244 

- renis, 284, 284f, 285, 285f, 286, 
286f, 288f, 290, 302, 304f 

- glomerularis, 44, 44f, 286, 286 f 
-of thymus, 168, 168f 

- prostatica, 329, 329 f, 339 
-splenis, 255, 255f 

- parasympathetic effects, 219t 

- sympathetic effects, 218t 
Caput/ita 

- epididymidis, 332 f, 333, 333f, 

334t 

-femoris, 394 f 

- medusae, 211 

- pancreatis, 224, 224f, 225, 225f, 
249, 249f, 252, 252f, 253, 253 f, 
258, 267, 291 f, 363f, 365, 374f, 
376f, 377, 377 f, 379, 379f, 380f 

Carbon dioxide, 22 
Carcinoma, 153 
-anal, 234 

- bronchial, 154 

- cervical, 322-323 

- colorectal, freguency and risk 
factors, 240 

- gastric, 164 

-prostatic, 329, 320-321,339 

- rectal, 234, 240-241 

- sguamous cell, 322 
Cardia, 273 

Cardia/ae, 159 f, 221,360 f. See also 
Pars cardiaca gastri 
Cardiae cycle, 109t 
Cardiae dullness, 89 f 
Cardiae myocyte, 95 
Cardiae prominence, 24f 
Cardiae shadow, 102,103 
Cardiae skeleton, 98 f 
Cardiae tamponade, 90 
Cardiae valves, 98-101 

- insufficiency, 100 

- stenosis, 100 
Cardiogenic shock, 116 
Cardioglia. See Gelatinoreticulum 
Cardiovascular system 

- aa. and vv. of renes and gll. 
suprarenales, 302-305 

- aa. and vv. of the oesophagus, 
162-163 

- abdomen and pelvis, 202-211 

- arteriae coronariae and venae 
cordis, 112-113 


- balloon dilatation and bypass, 
122-123 

- blood pressure, 11 

- branches of a. iliaca interna, 
336-337 

- branches of a. mesenterica 
inferior, 262-265 

- branches of a. mesentericus 
superior, 260-261 

- branches of truncus coeliacus, 
256-259 

- cardiac chambers, 96-97 

- cardiac septation, 18-19 

- cardiac skeleton, 98-99 

- cardiac valvae, 98-99, 100-101 

- cardiogenic area, 14-15 

- congenital heart defects, 21 

- coronary angiography 

- conventional, 118-119 

- multislice spiral computed 
tomography (MSCT), 120-121 

- coronary circulation, 114-115 

- coronary heart disease and heart 
attack, 116-117 

- development of chambers of cor, 
16 

- dual organ circulation, 12 

- electrocardiogram, 109 

- fate of sinus venosus, 17 

- form and structure of cor, 92-93 

- impulse formation and 
conduction, 108-109 

- innervation, 126-127 

- location of cor in thorax, 88-89 

- lymphatic drainage of cor, 

124-125 

- magnetic resonance imaging of 
cor, 106-107 

- major blood vessels, 13 

- mechanical action of cor, 110-111 

- overview, 10 

- overview and basic wall structure, 
10-11 

- pericardium, 90-91 

- pre- and postnatal circulation, 20 

- radiographic appearance of cor, 
102-103 

- sonographic appearance of cor, 
104-105 

- structure of myocardium, 94-95 
-terminal vessels, 12 
-thoracic aorta, 78-79 

- valve plane, 98-99 

- vascular relationships, 12 

- vascularization of female pelvic 
organs, 340-341,342-343 

- vascularization of male pelvic 
organs, 338-339 

-vena cava and azygos system, 
80-81 

-vena mesenterica inferior, 

270-271 

-vena portae hepatis, 266-267 
-venae mesentericae, 268-269 
Carina/ae 
-tracheae, 134f 

- urethralis, vaginae, 319, 319 f 
Cartilaginous piate, of bronchus, 25 f 
Cartilago/gines 

- arytenoidea, 135f 

- costalis, 1011 


-cricoidea, 24f, 129, 134, 134f, 

135f, 156, 156f, 158, 158f, 160f, 
161,179f 

- epiglottica, 158f 

- thyroidea, 24f, 71 f, 87f, 126 f, 134 f, 
135f, 148f, 158 f, 160 f, 176 f, 177 f, 

179f, 186f 

-tracheales, 24 f, 134, 134f, 135f, 

158f, 160f 

Catecholamines, 290 
Caud a/ae 

- epididymidis, 333, 333f, 334t 

- pancreatis, 225 f, 249 f, 252, 252 f, 
253 f, 254, 254f, 267, 291 f, 363f, 
365, 366 f, 374f, 376 f, 377, 377f, 
379, 380f 

Cavea/ae 
-thoracica, 254 
-thoracis, 154, 173,196,352 
Cavitas/ates 

- abdominalis, 333, 353 

- abdominis, 3, 3f, 8, 8f, 9, 9t, 26, 

36, 37,49, 73,74, 129, 130, 157, 
173,196, 242,378 

- architecture and wall structure, 
196-197 

- axial sections, 199 

- boundaries, 197 

- divisions of, 198-199 

- midsagittal section, 198, 199, 
201 

- relationship of internal organs to, 
200-201 

-amniotica, 4 f, 5, 5 f, 14, 14f, 30 f 

- chorionica, 5, 5 f, 6. See also 
Coeloma extraembryonicum 

- coelomica, 5,14, 51 

- nasi, 22, 22 f 

-oris, 5f, 28, 28f, 29, 29f,30,31, 

31 f, 104,156f 

- pelvis, 3, 3 f, 8, 8 f, 9, 9t, 173,196, 
200t,318t, 334t, 391 

- architecture and wall structure, 
196-197 

- axial sections, 199 

- boundaries, 197 

- divisions of, 198-199 

- levels of, 386-387 

- midsagittal section, 198,199, 
201 

- relationship of internal organs to, 
200-201 

- pericardiaca, 4, 5, 5 f, 6, 6 f, 8 f, 9, 
14, 14f, 15, 15f, 16f, 26, 71f, 90, 

91,91 f, 130, 177 f, 180-181 

- peritonealis, 4, 5, 5 f, 6, 6 f, 9, 9f, 

26, 32, 34, 34f, 35, 35t, 37, 38t, 
41f, 51,51f, 130, 156, 159f, 199, 
201,2011, 227, 228, 230, 232, 
284f, 294, 312f,315,319, 320, 
325,326, 326f, 332, 355, 359, 

360, 365, 370, 374, 377, 379, 380, 
383, 386, 387 f, 395, 397 

- drainage spaces and recesses, 
356-357 

- pelvis, 301 f, 318f 

- peritoneal relationships, 376 

- posterior wall, 357 

- scroti, 332 f 

- separation from cavitates 
pleurales, 7 
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-topography, 354-355 

- pleuralis, 4, 5, 8f 9, 23, 26, 26f 
70, 76f 88,90, 124, 128, 129, 
130-131,132/i 133,133f 151, 
151f 173, 174f 182, 242,243, 
282, 284f 353 

- anterior view, 130,175 
-dextra, 168f 282 f 

- extent of, 130 

- separation from cavitas 
pericardiaca, 6 
-sinistra, 168f 282 f 

-thoracica, 3, 3f 8, 8f 9, 9 1, 23, 26, 
58,73,74, 79, 82, 156f 173, 196, 
242, 353 

-uteri, 51,315, 315f 316, 316f 
318f 320, 320f 326, 389f 395 f 
Cavocaval anastomosis, 80 
C-cell system, 60f 63 1 
Cell, defined, 2 

Cell membrane, hormone receptor 
in, 61 
Cellula/ae 

-centroacinosae, 253, 253 f 

- germinales, praecursoriae, 48, 48f 
49f 52f 53 f 

Cellular immune response, 56 
Cellular membrane, 116 
Central nervous system, 60f 62f 
63 1, 65, 65 f 
Centriole, 333 f 

Centroacinar cells. See Cellulae 
centroacinosae 

Centrum/a, tendineum, 7,14, 72f 
73f 74f 75, 75f 75 1, 76f, 77f, 81 f, 
133f 172t, 196, 197 f 
Cervical intraepithelial neoplasia 
(CIN), 323 
Cervix/ices 

-uteri, 51,312, 312f,314f, 315, 
315f 316, 316f 317, 318f 318t, 
326f 327,340, 385,388,390, 
390f 391,391 f 394, 394f 395 f 

- after menopause, 321 

- atresia of, 51 

- before puberty, 321 

- conization, 323 

- during reproductive phase, 321 
-vesicae urinariae, 295f 296, 296f 

297, 297f 298, 299, 301 f, 328f 
329 f 

Chest radiographs 
-lateral, 102, 152 

- obligue, 103 

- left anterior (LAO), 103,103 f 

- right anterior (RAO), 103,103 f 

- posteroanterior (PA), 102,152 

- pulmonary opacities on, 153 
Chief cells, 223, 223f 
Childbirth, 327 
Chlamydia, 320t 

Chloride, 40 
Choana/ae,, 22 f 
Cholate, 249t 

Cholecystectomy, laparoscopic, 248 
Cholecystitis, 248, 249t, 250 
Cholecystokinin, 63t, 251 
Cholelithiasis, 249t 
Cholesterol, 249t 


Chorda/ae 

- folliculogenica, 49, 49f 50f 52, 

53, 53 f 

- nephrogenica, 42, 42f 45, 48, 48f 
52f 53 f 

- sexualis, primordialis, 48, 48f 49, 
49f 50 1, 52, 52f 53, 53 f 

-tendinea, shortening, 101 
-tendineae, 96, 96f 97, 97f, 98, 

99f 101,101f 

-testiculares, 49, 49f 50f 50t, 52f 
53 

Chorion/a 
-frondosum, 5 f 

- laeve, 5 f 

Chorionic gonadotropin, 63t 
Chyle, 57 
Chylomicrons, 57 
Chyme, 28 

Ciliated cells, 135,135f 
CIN. See Cervical intraepithelial 
neoplasia 

Circle of Willis. See Circulus 
arteriosus cerebri 
Circulation. See also Anastomosis; 

Collateral pathways 
-coronary 

- balanced, 114 

- codominant, 114 

- left dominant, 115 

- right dominant, 115 

- early embryonic, 15 

- extraembryonic vitelline, 15 

- intraembryonic systemic, 15 

- placental, 14,15 

- portal, lOf 12 

- postnatal, 20 

- prenatal, 20 

- pulmonary, 10,18, 22, 147 

- systemic, 10, 22,111 
Circulatory system. See Systema 

cardiovasculare; Cardiovascular 
system 

Circulus/i, arteriosus, cerebri, 12, 

12 f 

Cirrhosis, of hepar, 163, 211,247 
Cisterna/ae, chyli, 56f 58, 58f 82, 
82f 83f 212f 213, 213f 214, 

214f 215f 273, 274f 307f 401 f, 
404f 405f 406f 407f 408f 409f 
41 Of 411 f 412f 413f 414f 415f 
416f 417f 
Claudication, 190 
Clavicula/ae, 70f 72f 128f 132f 
152f 170f 171f 172f 182f 183f 
187f 

Clinical applications 

- aberrant aa. renales, 305 

- aberrant subclavian artery, 188 

- access to cavitas peritonealis, 384 

- accessory aa. renales, 305 

- accessory w. renales, 305 

- acute myocardial infarction, 116 

- Addison disease, 290 

- alcoholism, 163 

- anal carcinoma, 234 

- annular pancreas, 39t 

- anomalies of gastrointestinal tract, 
39 

- anomalies of ureteres, 292 

- anorectal atresia, 39t 


- anular pancreas, 225 

- aortic aneurysm, 79, 192-193 

- aortocoronary venous bypass 
(ACVB), 122 

- appendicitis, 230, 231 
-arrhythmia, 114, 116,127 

- atelectasis, 153 

- atresia of cervix, 51 

- atrial septal defects (ASD), 21,105 

- auscultation of cardiac valves, 101 

- avascular zone in ren, 304 

- bacterial pyelonephritis, 45 

- bifid ureter, 45 

- biliary atresia, 39t 

- blood poisoning, 57 

- blood pressure. See Blood pressure 

- Bochdalek hernia, 7 

- bowel obstruction, 225 

- brachytherapy, 330 

- bronchial asthma, 141,148 

- bronchial carcinoma, 154 

- bronchography, 154 

- cancer screening, 240 

- caput medusae, 211 
-carcinoma, 153, 164 

- cardiac dullness on percussion of 
chest, 89 

- cardiac tamponade, 90, 116 

- cardiogenic shock, 116 

- cervical carcinoma, 322-323 

- cervical prolapse, 318 

- chest radiography, 102-103 

- cholecystectomy, 248 

- cholecystitis, 248, 249t, 250 

- cholelithiasis, 249t 

- cirrhosis, 163, 247 

- coarctation of aorta, 79, 190-191 

- colorectal cancer, 229 

- computed tomography of 
pulmones, 154-155 

- congenital diaphragmatic hernia, 7 

- congenital heart defects, 21 

- conventional coronary 
angiography, 118-119 

- coronary angiography, multislice 
spiral computed tomography 
(MSCT), 120-121 

- coronary heart disease and heart 
attack, 116-117 

- Crohn’s disease, 239, 240 

- crossed embolism, 21 

- Cushing syndrome, 290 

- cyanosis, 21 
-cystitis, 300,301 

- damage to n. laryngeus recurrens 
during thyroid surgery, 87 

- descent of uterus, 318 

- diabetes mellitus, 253 

- diaphragmatic hernia, 75 

- diseases of ovarium, 348 

- diseases of pulmo, 128 

- disorders of canalis analis, 

238-239 

- diverticula, 158 
-diverticula in oesophagus, 161 

- diverticulitis, 371 

- duodenal atresia, 39t 

- duodenal obstruction, 225 

- duodenal stenosis, 39t 

- dysphagia, 79 

- dyspnea, 141 


- echocardiography, 104-105 

- ectopic pregnancy, 326 

- electrocardiogram, 109 

- emphysema, 147 

- endocarditis, 100 

- endoscopic papillotomy, 250 

- endoscopy of bronchi, 134 

- entrapment of v. renalis sinister, 
261 

-fecal incontinence, 196 

- femoral hernia, 383 

- fibroids, 282 

- floating kidney, 282 
-foreign bodies in bronchi, 134 
-functional castration, 330 
-gallstones, 249t, 250, 251 

- Gartner’s duct cyst, 48 

- gastric carcinoma, 164 

- gastric hyperacidity, 277 

- gastric ulcer, 223 

- gastroesophageal reflux, 159 

- heart malformations, 18 

- heart murmur, 101,110 

- heart sounds, 110, 110f 

- heartburn, 159 

- hematoma, 192 

- hemorrhoidal disease, 235, 238, 
239,265 

- hepatitis, 247 

- hepatomegaly, 242 
-hernia, 196, 332,335,357 

- hiatal hernia, 75 

- hilar lymph nodes, 149 

- Hirschsprung disease, 280 

- horseshoe kidney, 45 

- hydronephrosis, 45 

- hypertension, 127 

- hyperthermia, 339 

- hysterectomy, 324 

- ileus, 357 

- imperforate anus, 39t 

- incision placement, 353, 353f 

- infections of proctodeal glands, 
233 

- inguinal hernia, 382, 383 

- inguinal surgery, 335 

- internal hernia, 225 

- internal mammary artery (IMA) 
bypass, 122 

- intestinal atresia, 39t 

- intestinal stenosis, 39t 

- intravenous urography, 293 

- ischemic stroke, 21 

- jaundice, 247,250,252 

- lack of testosterone orAMH, 53 

- laparotomy, 353f 

- lymphangitis, 161 

- lymphedema, 82 

- lymphography, 307 

- magnetic resonance imaging, 
106-107 

- malrotation, 39t 

- mechanical ileus, 226, 370 

- Meckel’s diverticulum, 39t 

- mediastinal flutter, 151 

- medulla spinalis transection, 309 

- metastases in pulmo, 153 

- metastasis to nodi lymphoidei, 
344, 345, 373 

- multicavity injury, 173, 242, 353 

- myocardial aneurysm, 116 
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- myocardial infarction, 101,127 

- myometrial tumors, 316 

- Nabothian cysts, 321 

- obstetric dimensions of pelvis, 327 

- obstructive ventilatory 
impairment, 141 

- omphalocele, 39t 

- opacity in pulmo, 153 

- ovarian arcade, 342 

- ovarian surgery, 342 

- pancreatic surgery, 360 

- pancreatic tumors, 225, 252, 258 

- pancreatitis, 250, 251 

- Papanicolaou staining, 322 

- paradoxical embolism, 21 

- paralysis of diaphragm, 76 

- partial resections of pulmo, 138, 
139 

- patent ductus arteriosus (PDA), 21 

- patent foramen ovale (PFO), 18, 

21 

- pelvic floor surgery, 336 

- pelvic kidney, 45 

- penile tumors, 344 

- percutaneous coronary 
intervention, 122 

- percutaneous transluminal 
coronary angioplasty (PTCA), 122 

- perianal eczema, 238 

- peritoneal adhesions, 354, 355 

- peritoneal dialysis, 355 

- peritonitis, 230, 355 

- persistent v. cava sinistra, 305 

- phases of heartbeat, 110 

- pleural effusion, 153 

- pleural inflammations, 132 

- pneumonia, 147, 157 

- pneumothorax, 151 

- polyps, 371 

- portosystemic collaterals, 211 

- pregnancy and childbirth, 

326-327 

- prostate tumors, 320-321 

- prostatectomy, 299, 330 

- prostatic hyperplasia, 300 

- prostatic malignancy, 329 

- pulmonary disease, 85 

- pulmonary edema, 147 

- pulmonary embolism, 21,144 

- pulmonary hypertension, 21 

- pyelonephritis, 289, 292 

- radiographic appearance of cor, 
102-103 

- radiographic terminology, 153 

- rectal administration of drugs, 271 

- rectal carcinoma, 234, 240-241 

- rectal tumors, 233 

- referred pain, 127, 276, 278, 309, 
347, 347f, 348 

- reflux esophagitis, 159 

- renal failure, 355 

- renal surgery, 304 

- respiratory compromise, 147 

- respiratory distress syndrome 
(RDS), 27 

- retroverted uterus, 318 

- right-sided heart failure, 243 

- Schiller’s iodine test, 323 

- selective proximal vagotomy, 277 

- shock, 12 

- side stitch, 254 


- small meal syndrome, 263 

- splenectomy, 255 

- spread of diseases between gaster 
and adjacent organs, 364 

- spread of diseases between hepar 
and adjacent organs, 362 

- sguamous cell carcinoma, 321 

- staghorn calculus, 288 

- sudden cardiac death, 116 

- surfactantum pulmonale 
deficiency in preterm infant, 147 

- surgical anal canal, 233 

- surgical approaches to bursa 
omentalis, 360t 

- surgical coronary revasculation 
technigues, 122 

- testicular malignancy, 344 

- testis descent failure, 333 

- tetralogy of Fallot, 21 
-tracheal development 

abnormalities, 27 

- tracheoesophageal fistula, 27,157 

- transurethral bladder 
catheterization, 300, 301 

-Treitz hernia, 224 

- tumor metastasis by vv., 269, 270, 
339 

- tumor metastasis to nodi 
lymphoidei, 57, 84, 215, 274, 275 

- ulcerative colitis, 240 

- umbilical fistula, 39t, 382 

- urethral-vaginal fistula, 55 

- urethritis, 301 

- urethrovaginal fistula, 301 

- urinary calculus, 289, 293 

- urinary incontinence, 196, 282, 
294, 297 1, 298 

- urinary tract infections, 301 

- urorectal fistula, 39t 

- uterine position, 388 

- uterine tumors, 345 

- uterus duplex, 51 

- uterus septatus, 51 

- uterus surgery, 314, 343 
-vagina duplex, 51 

- vaginal atresia, 51 

- vaginal defense dysfunctions, 320t 

- valvular insufficiency, 100 
-valvular stenosis, 100 

- varicocele, 303, 335 

- vascular compression during 
pregnancy, 326 

-vascular obstruction of colon, 263 

- venous collateral pathways, 211 

- ventricular fibrillation, 116 

- ventricular septal defects (VSD), 

21 

-vesica urinaria, puncture, 294 

- visceral hernia, 75 
-volvulus, 39t 

- zones of retroperitoneum, 375 
Clitoris/ides, 46t, 54t, 301 f, 310 1, 

311 f, 319f 

Cloaca/ae, 31,31 f, 36 f, 37 f, 42, 42f, 
43, 43f, 44, 45, 48f, 52f, 53 f 

- development, 37 
Coarctation of aorta, 79, 190-191. 

See also Aortic isthmus stenosis 
-adultform, 190 

- infantile form, 190 


- pathophysiology and clinical 
symptoms, 190 

Coeloma/ata 

- extraembryonicum, 5 f 

- intraembryonicum, 4, 4f, 5, 6 

- compartmentalization, 6-7 
-formation of, 5 

Coelomic canal, 5, 5 f 
Coelomic portal, 5, 5 f 
Coelomic ring, 5 
Collagen, 117 

Collateral pathways. See also 
Anastomosis 

- portacaval, 269, 270, 271 
Collecting lymph vessels, 56f 
Colliculus/Ii, seminalis, 50t, 54t, 

295 f, 297 f, 300 f, 329, 329 f 
Collum/a 

- pancreatis, 353t 
-vesicae biliaris, 250, 250f 
Colon/Ia, 28, 28f, 65, 200t, 207, 

214f 

- ascendens, 2 f, 28, 29f, 31,31f, 

32f, 36, 36 f, 37, 37f, 38 1, 39 f, 

173f, 200, 200f, 214, 219, 220 f, 
225f, 226 f, 227, 227f, 228, 228t, 
229, 229 f, 230 f, 242 f, 249 f, 252, 
262f, 267, 268, 268f, 274f, 275, 
278, 281,281 f, 282f, 353f, 354f, 
355 f, 356f, 357 f, 358 f, 359, 359f, 
361 f, 368, 368f, 369, 371 f, 374f, 
375, 376, 376 f, 380 f 

- neurovascular supply, 410 

- retroperitonealization, 37 
-descendens, 2 f, 28, 29 f, 3*1^ 32 f, 

36f, 37, 37f, 38 1, 39f, 173f, 200, 
200 f, 214, 219, 220 f, 225f, 227, 
228, 228 f, 228 1, 229, 229f, 242 f, 
249f, 252f, 254 f, 262f, 269, 269 f, 
275, 278, 281,281 f, 282f, 353f, 
356 f, 358f, 359, 359f, 361 f, 362f, 
363, 363f, 366 f, 369, 369 f, 371 f, 
374 f, 375, 376, 376 f, 377, 377f, 
379,380f 

- neurovascular supply, 411 

- retroperitonealization, 37 
-fact sheet, 430 

- interior, 231 

- segments of, 228-229 
-sigmoideum, 2 f, 28, 29 f, 31 f, 32 f, 

38t, 214, 214f, 219, 228f, 228t, 
229f, 232, 232 f, 242f, 262 f, 269f, 
275, 278, 281,281 f, 282f, 283, 
283f, 313f, 353f, 358f, 369, 369f, 
371 f, 378, 378 f, 384f, 385f, 386f, 
387 f, 392 f, 397f 

- transversa, neurovascular supply, 
410 

-transversum, 2 f, 28, 29f, 31,31f, 
32 f, 36 f, 37, 37f, 38t, 39, 39 f, 

152 f, 173f, 198f, 200, 200f, 200t, 
201f, 214, 216, 220, 225f, 226, 
227f, 228, 228 f, 228 1, 229f, 242f, 
254, 254f, 260, 262, 262f, 268, 
269, 274f, 275, 278, 279, 281, 
281 f, 282 f, 284f, 353f, 354, 354f, 
355, 355f, 357 f, 358, 358f, 359f, 
360f, 361 f, 362f, 363f, 366f, 369, 
371 f, 376, 377, 377f, 379f 

- vascular obstruction, 263 

- wall structure, 231 


Colonoscopy, 240 

- complete, 240f 
-Virtual, 240 
Colorectal cancer, 229 

- surgical procedures, 241 
Colpitis, 320t 
Columna/ae 

- anales, 233, 233f, 234, 235, 265 

- renales, 286, 286f, 288f 

- rugarum 

-anterior, 319, 319f 

- posterior, 319 

- vertebralis, 4, 41,79, 80, 82, 87, 

103, 106, 119, 128, 129, 130, 137, 
156, 196, 203, 218, 224, 282, 339, 
353,379 

- lumbalis, 9 f 

- projection of a. mesenterica 
inferior on, 263 

- projection of a. mesenterica 
superior on, 261 

- projection of aa. and w. renales 
on, 303 

- projection of abdominal/pelvic 
structures on, 353 

- projection of duodenum on, 224 

- projection of pancreas on, 252 

- projection of v. cava inferior on, 
207 

- projection of v. portae hepatis 
on,208 

Commissura laborium 

- anterior, 238 

- posterior, 233, 239 
Computed tomography (CT), 103, 

103f, 370 

- aortic dissection, 193 

- colonography, 240 

- high-resolution, 154 

- multislice spiral (MSCT), 120-121 

- pulmones, 154-155 
Conception, 46 

Congenital heart defects, acyanotic, 
21 

Conization, cervix uteri, 323 
Conjugata/ae 

- diagonalis, 327 f, 327 1 
-vera, obstetrica, 327f, 327 1 
Constrictio/ones 

- partis thoracicae, 156,156 f 

- pharyngooesophagealis, 156, 

156 f, 158 

- phrenica, 156, 156 f 
Continence 

-fecal, 234 

- urinary, 297 1 
Conus/i 

- arteriosus, 96, 96 f, 111,111 f 
-cordis, 15,15f, 16, 16f, 19 
Cooper’s ligament. See Lig. 

pectineum 

Cor/rda, 2 f, 6f, 10, 15, 17 f, 26, 67f, 
70, 70t, 71,78t, 79, 80, 83, 83f, 

87, 87f, 89, 89f,90f,96, 103, 

104, 115, 124, 126, 126f, 128, 

129, 132, 136, 142, 143, 143f, 

144, 145f, 151,154, 154f, 157, 
173, 173f, 176, 177, 179, 179f, 
180-181,243 

- anterior view, 88,111,112,114 

- autonomic innervation, 64f, 127 
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- autonomic plexus about, 127 

- balloon dilatation and bypass, 
122-123 

- blood flow in, 111 

- chambers, 96-97 

- coronary angiography 

- conventional, 118-119 

- multislice spiral computed 
tomography (MSCT), 120-121 

- coronary circulation, 114-115. See 
also Circulation, coronary 

- coronary heart disease and heart 
attack, 116-117 

- fact sheet, 422-423 
-formation, 14 
-frontal section, 18 

- impulse formation and 
conduction, 108-109 

- innervation, 126-127 

- left, 111 

- lymphatic drainage, 124-125 

- magnetic resonance imaging, 
106-107 

- mechanical action, 110-111 

- neurovascular supply, 402 

- posterior view, 91 

- posterior wall. See Facies 
diaphragmatica cordis 

- posteroinferior view, 112 

- prenatal blood flow in, 20 

- projection onto chest wall, 78 

- radiographic appearance, 102-103 

- right, 111 

- sagittal section, 18 

- shape and structure, 92-93 

- skeleton, 98-99, 99 f 

- sonographic appearance, 104-105 

- structure of musculature, 94-95 

- superior view, 89, 98 

- surface, 92 1 

- sympathetic and parasympathetic 
effects, 65t 

-tubulare, 14,15,15/\ 16,18 
-valvae, 98-99, 100-101 

- valve plane, 98 f 

- ventral view, 115 

- vessels near, 188 
-wall structure, 93t 
Cornu/ua 

- dextrum, sinus, 17,17 f, 1 1t 

- laterale, medullae spinalis, 64, 65, 
86,219 

- lateralia, 218 

- majus, ossis hyoidei, 24f 

- minus, ossis hyoidei, 24f 

- posterius, medullae spinalis, 66, 

67 

- sinistrum, sinus, 17,17f, 1 1t 

- sinus, dextrum, 17 

- uteri, 388 

Corona/ae, radiata, 325, 325 f 
Coronary angiography, 
conventional, 118,119 
Coronary heart disease (CHD), 116 

- comparison of healthy and 
arteriosclerotic vessels, 116 f 

- epidemiology, 117 

- interventions, 122-123 

- overview and pathogenesis, 117 

- risk factors, 117 

- symptoms, 117 


Corpus/pora 

- albicans, 325, 325 f 

- cavernosum 

- penis, 54t, 55 f, 235, 300f, 311f, 
328 f, 397 f 

- recti, 264, 265, 373 f. See also 
Hemorrhoidal plexus 

- epididymidis, 332 f, 333, 333f, 
334t 

- gastricum, 159f, 220f, 221,221 f, 
222, 222f, 223, 277, 379f 

-luteum, 317, 325, 325f 

- of menstruation, 325 

- of pregnancy, 325 

- ossis hyoidei, 24f 

- pancreatis, 198 f, 224 f, 225 f, 249 f, 
252, 252 f, 253 f, 254 f, 267, 359 f, 
360f, 361 f, 362 f, 363f, 365, 374f, 
376 f, 377 f, 378 f, 380 f 

- perineale, 37, 37f, 43 f, 44, 44f, 
235, 297 1, 298, 299, 299 f, 384 f, 
386 f 

-spongiosum, penis, 54t, 55f, 300, 
300f,311f,328f,397f 

- sterni, 70 f, 71f, 74f, 89 f, 128 f, 

130 f, 132f, 133f, 134, 150f, 171f, 

172f, 173f, 177 f, 186, 351 f, 352 

-uteri, 312,312f,314f, 315,315f, 
316, 316f, 318f, 318t, 320f, 340, 
341,395f 

- vertebrae, 73 f, 74 f, 75 f, 134, 156 f, 
187f, 197f, 248, 312f, 352 

-vesicae biliaris, 250, 250 f 
-vesicae urinariae, 294f, 295 f, 296, 
296f, 328f 
Corpusculum/a 
-renalia, 12,286,287 
-thymica, 168, 168f 
Cortex/tices 

- cerebri, 67, 236 

- glandulae suprarenalis, 290, 290f, 
308 

- of gl. suprarenalis, 60 f, 62 
-ovarii, 324, 325, 325f 

- renalis, 285f, 286, 286 f, 287, 287 f, 
288f 

-thymi, 168,168f 
Corticotropin, 63t 
Corti sol, receptor, 61 
Costa/ae, 8, 70 f, 72f, 73f, 74f, 81f, 
87f,91f, 126f, 130f, 132 f, 133 f, 

134f, 150 f, 162 f, 163 f, 166 f, 169 f, 

171f, 172f, 173, 173f, 174f, 176f, 

182 f, 183f, 186 f, 187 f, 189 f, 254f, 
351 f, 381 f 

- as anatomical landmarks, 172 
Craniocaudal, folding, 5f 
Cranium/a, 3 

Crena/ae, ani, 350f 
Crista/ae 

- gonadalis, 42, 42f, 48, 48 f, 51 f, 
52f, 53f, 312 

- iliaca, 72f, 74f, 282, 284f, 307, 
327, 327f, 350f, 352, 368 

- mesonephrica, 42, 42f, 43, 48, 50, 
51,52f, 53f 

- neuralis, 4, 4t, 19, 290 
-supraventricularis, 96, 96 f 

- terminalis, 17, 17 f, 96, 96f, 108 

- urethralis, 300f, 329 f 

- urogenitalis, 42f 48, 52 f, 53 f 


Crohn’s disease, 239, 240 
Cross-sectional anatomy, upper 
abdominal organs, 366-367 
Crural sling, 75 f 
Crus/ura 

- clitoridis, 295f, 301 f, 313f, 387 f, 
395 f 

- dextrum 

-fasciculi atrioventricularis, 108, 
108f 

- partis lumbalis diaphragmatis, 

73f, 74 f, 75 f, 75 1 

- diaphragmatis, 172t 

- distale, ansae umbilicalis intestini, 
36, 36 f, 38 1 

- penis, 295f, 300f 

- proximale, ansae umbilicalis 
intestini, 36, 36 f, 38 1 

- sinistrum 

-fasciculi atrioventricularis, 108, 
108f 

- partis lumbalis diaphragmatis, 
73f, 74f, 75t, 197 f 

CT. See Computed tomography 
Cul-de-sac. See Excavatio 
rectouterinae 

Cumulus/i, oophorus, 325, 325 f 
Cupula/ae, pleurae, 128f, 129f, 131f, 
166f, 189f 
Curvatura/ae 

- major, 33, 33 f, 35 1, 37, 38t, 159f, 
220, 220f, 221,221 f, 222, 222f, 
266, 273,354, 361f,364 

- minor, 33, 33f, 35t, 159f, 220, 
220f, 221 f, 222f, 258, 266, 273, 
359,360, 362 

Cushing syndrome, 290 
Cuspis/ides 

- anterior, 98 f 

- valvae atrioventricularis dextrae, 
98, 98f, 99f, 101,101 f 

- valvae atrioventricularis sinistrae, 
98, 98f,99f, 101,101 f 

- commissuralis, 98,101 f 

- posterior 

-valvae atrioventricularis dextrae, 
98, 98f,99f, 101,101 f 

- valvae atrioventricularis sinistrae, 
98, 98f,99f, 101,101 f 

- septalis, valvae atrioventricularis 
dextrae, 98, 98f, 99f, 101,101 f 

Cyanosis, 21,190 
Cyst, in cord remnant of ductus 
vitellointestinalis, 39 
Cystitis, 300, 301 
Cytokines, 63t 
Cytologic smears 

- cervix uteri, 322 

- portio vaginalis cervicis, 322 

D 

D cells, 223 

DI. See R. lateralis proximalis 
D2. See R. lateralis distalis 
DeBakey classification, 193, 193f 
Deep lymphatic system, 57, 57 f 
Defecation, 28,196 

- mechanism of, 236 

Delta cells, of insulae pancreaticae, 
253 


Dendritic cells, 168,168 f 
Denonvilliers’ fascia. See Fascia 
retroprostatica 
Dens/tes, 29, 29 f 
Deoxycholate, 249t 
Dermatomes, 4, 67, 127 
Descent of gonads, 43 
Descent of uterus, 318 
Dextroposition, of uterus, 318 
Diabetes mellitus, 253 
Dialysis, peritoneal, 355 
Diameter, obliguus, 327 f, 327t 
Diaphragma/ata, 3, 3 f, 7, 9, 14, 23 f, 
26,29, 34,35,42,58, 58f, 67f, 

71 f, 76f, 78 f, 78 1, 79, 80, 80f, 81 f, 
82, 82 f, 83 f, 84, 84f, 87, 87f, 88, 
88f, 91,91 f, 93, 107f, 124, 126f, 

129f, 130, 130f, 131f, 136, 149, 
149f, 150, 150f, 151f, 156, 156f, 
157, 157f, 159, 159f, 161,161f, 

162f, 163f, 164, 165, 165f, 169f, 

172t, 173, 174f, 176, 177f, 178f, 
181,181 f, 182f, 183f, 184f, 185f, 
196, 201 f, 203t, 207, 212f,215f, 
220f, 225 f, 236, 242, 243, 244, 
249f, 252f, 254, 254f, 273, 273 f, 
282, 283f, 284, 284f, 291 f, 356 f, 
360f, 367 f, 370, 377f, 380f, 382 f 

- anterior and posterior views, 72 

- arteries and veins, 77 

- dorsal view, 72 f 

- expiratory position, 72 f 

- frontal section, 74 

- functions, 75 1 

- hepatic surface, 34, 225 f, 244 f, 
356 f, 376, 380f 

- inferior view, 73, 74, 75,197 

- innervation, 76 

- inspiratory position, 72 f 

- leaflets, 72 

- left dome, 128 f 

- location and projection onto 
trunk, 72-73 

- lymphatic system in, 76 

- midsagittal section, 74 

- neurovascular supply, 405 

- openings, 75, 75t 

- origins, 75 1 

- overview, 75 1 

- pelvis, 8, 196, 236, 264, 282, 294, 
295, 295f, 297t, 298,299,318, 
327, 334t, 336, 340, 343f, 369, 
372, 386-387, 387f, 388 

- position, 72 

- right dome, 128 f 

- structure and main openings, 
74-75 

- superior view, 73 

- urogenitale, 387, 387 f 
-ventral view, 72 f 
Diastole, 11,95 
-valve positions in, 99 

- ventricular, 110 
Diencephalon/a, 62, 63t 
Diffuse endocrine system, 60, 60f 
Digestion, defined, 28 
Digestive apparatus. See Digestive 

system 

Digestive system. See also Systema 
digestorium 
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- anomalies of gastrointestinal tract, 
39 

- bile ducts, 248-251 

- continence organ, 234-237 

- development and differentiation of 
the gastrointestinal tract, 30-31 

- development of caudal region of 
praeenteron, 35 

- development of mesenteron and 
metenteron derivatives, 37, 38, 

38 f 

- disorders of canalis analis, 

238-239 

-distal intestina, autonomic 
innervation, 280-281 

- duodenum 

- arterial supply, 258-259 

- autonomic innervation, 276-277 

- venous drainage, 266-267 

- formation of bursa omentalis, 35 

- gaster, 220-223 

- arterial supply, 256-257 

- autonomic innervation, 276-277 

- lymphatic drainage, 272-273 

- rotation, 33, 33f, 34 
-venous drainage, 266-267 
-wall structure, 222-223 

- hepar, 242-247 

- arterial supply, 256-257 

- autonomic innervation, 276-277 

- lymphatic drainage, 272-273 

- hormones in, 63 

- innervation, oesophagus, 166-167 

- intestinum crassum, 228-233 

- arterial supply, 260-263 

- lymphatic drainage, 275 
-venous drainage, 268-269 

- intestinum tenue, 224-227 

- arterial supply, 260-261 

- lymphatic drainage, 274 
-venous drainage, 268-269 

- lymphatic drainage, 214-215 

- mesenteria, 32 

- oesophagus 

- arterial supply, 162-163 

- inlet, outlet, opening, closure, 
158-159 

- location and divisions, 156-157 

- lymphatic drainage, 164-165 
-venous drainage, 162-163 
-wall structure, 160 

- weak points, 161 

- overview, 28-29 

- pancreas, 252-253 

- arterial supply, 260-261 

- autonomic innervation, 276-277 

- lymphatic drainage, 272-273 
-venous drainage, 266-267 

- proximal intestina, autonomic 
innervation, 278-279 

- rectal carcinoma, 240-241 

- rectum, 270-271 

- rotation of ansa umbilicalis 
intestini, 36 

- structure of digestive apparatus, 

28 

-vesica biliaris 

- arterial supply, 256-257 

- autonomic innervation, 276-277 
Digital rectal examination (DRE), 

320,331 


Digital subtraction angiography 
(DSA), 192 
Discus/i 

- embryonicus, 4, 5, 5f 

- at 19 days, 4 

- at 20 days, 4 

- at 22 days, 4 

- dorsal view, 14 

Dissecting aneurysm, 192,193.See 
also Aortic dissection 
Dissection membrane, 193f 
Diverticulum/a, 371 

- epiphrenic, 161 

- hepatocysticum, 6f 

- hypopharyngeal, 161 

- in oesophagus, 161 

- laryngotracheale, 25, 25f 

- oesophagea, 158 

- parabronchial, 161 

- parahiatal, 161 

- pharyngoesophageal, 161 

- pulsion, 161 

- respiratorium, 31 
-thoracic, 161 
-traction, 161 

- Zenker, 161 
Divisio/ones 

- hepatis, 246, 246f 

- lateralis 

- dextra, 246t 

- sinistra, 246t 

- medialis 

- dextra, 246t 

- sinistra, 246t 
Doderlein’s bacillus. See 

Lactobacillus acidophilus 
Dopamine, 63 
Dorsum/a, penis, 335f, 344 
Douglas, pouch of. See Excavatio 
rectouterina 

DRE. See Digital rectal examination 
Drummond anastomosis, 204f, 263, 
263f 

Ductule cells, in acini pancreatis, 

253 

Ductulus/i 

-alveolares, 140, 141,141 f, 147f 

- bilifer, interlobularis, 248 

- efferens, 49f, 54 1, 333 1 

- prostatici, 300f 

- seminiferi, contorti, 333f 

- seminifer, rectus, 333f 
Ductus/us 

- arteriosus, 20, 20f, 21,190,190f 

- bilifer, interlobularis, 247, 247f 

- choledochus, 33f, 224, 224f, 225, 
243, 243f, 244, 244f, 245f, 248, 
248f, 249, 249f, 250, 250f, 251 f, 
252, 253, 256, 256f, 257f, 259f, 
273f, 291 f, 363, 363f, 366f, 374f, 
376f, 378f 

- colligens, 44f, 287, 287f 

- cysticus, 33f, 244f, 245f, 248, 
248f, 249f, 250, 250f, 257f 

- deferens, 2f, 44f, 45, 45f, 46 1, 

48, 49, 50f, 50 1, 52f, 54 1, 55, 55f, 
200 1, 292f, 295f, 300f, 31 Ot, 311f, 
328, 328f, 329f, 332f, 333f, 334f, 
335f, 338f, 346, 347f, 372f, 382f, 
383f, 384f, 385, 385f, 392f, 393f 

- autonomic innervation, 347 


-fact sheet, 445 

- lymphatic drainage, 344 

- musculature, 334 

- neurovascular supply, 415 

- parasympathetic effects, 219t 

- sympathetic effects, 218t 
-wall structure, 334 

-ejaculatorius, 50t, 54t, 297f, 298f, 
300f, 311f, 328, 328f, 329, 329f, 
334, 334f, 397f 

- epididymidis, 333, 333f, 333t, 334 

- excretorius, glandulae vesiculosae, 
50t, 328, 334, 334f 

- genitales, 49, 53 
-genitalis, development, 50-51 

- hepaticus, 33f, 246f, 247f, 380f 

- communis, 245, 246, 247, 248, 
248f, 249f, 250, 250f, 257f 

- dexter, 244f, 245f, 248, 248f, 
249f, 250, 250f 

- sinister, 245f, 248, 248f, 249f, 
250, 250f 

- lobi caudati 

- dexter, 248, 248f 

- sinistri, 248, 248f 

- longitudinalis, epoophori, 50t, 

54t, 55f 

- lymphaticus, dexter, 56 f, 58, 58f, 
58t, 82,83, 149 

- mesonephricus, 42, 42f, 43, 43f, 
45, 45f, 48, 48f, 49, 49 f, 50, 50f, 
50t, 51,51 f, 52 f, 53 f, 54 1, 55, 55 f, 
288,328 

- metanephrici, colligentes, 40, 40f, 
43, 43f, 44, 44f, 54t 

- omphaloentericus, 36, 36 f, 39 f. 
See also Ductus vitellointestinalis 

- pancreaticus, 29, 29 f, 33, 33 f, 34, 
224, 224f, 225, 248, 249, 249 f, 
250, 250f, 251,251f, 253, 253f 

- accessorius, 33, 33f, 224, 224f, 
250, 253 f 

- dorsalis, 253 

- minor, 253 
-ventralis, 253 

- paramesonephricus, 42, 42f, 48, 
48 f, 49f, 50, 50 f, 50 1, 51,51 f, 52 f, 
53, 53f, 54t, 55, 55f, 312, 329 

- paraurethralis, 55f 
-thoracicus, 56 f, 58, 58 f, 58 1, 70, 

70t, 82, 82f, 83, 83f, 84f, 89, 89f, 
130f, 133f, 148f, 149, 172t, 177 f, 

178, 178f, 183f, 184f, 213, 213f, 

214f, 215 f, 274 f, 275, 401 f, 404f, 
405f, 406f, 407f, 408f, 409f, 41 Of, 
411 f, 412f, 413f, 414f, 415f, 416f, 
417f 

-venosus, 17,17f, 20, 20 f 
-vitellointestinalis, 5f, 6f, 

7f, 38t, 39. See also Ductus 
omphaloentericus 
Duodenal atresia, 39t 
Duodenal stenosis, 39t 
Duodenum/a, 2f, 28, 28f, 29, 29f, 

31 f, 32f, 34, 34f, 35t, 36f, 37f, 39f, 
200, 200f, 200t, 201 f, 203t, 205t, 
207,214, 214f, 219, 220f, 221, 

221 f, 224-225, 224f, 226f, 242f, 
243f, 249, 250, 253, 256f, 262f, 
266f, 267, 273f, 274, 274f, 276f, 
291 f, 353f, 356f, 359, 360f, 364f, 


365, 366f, 368, 369, 374, 375, 

376, 377, 378f, 379, 380, 380f. 

See also Pars ascendens duodeni; 
Pars descendens duodeni; Pars 
horizontalis duodeni; Pars superior 
duodeni 

- anterior view, 224, 225 

- arterial supply, 258 

- autonomic innervation, 276 

- endoscopic view, 225 

- fact sheet, 428 

- histology, 225 

- in situ, 225 

- lymphatic drainage, 273 

- mechanical ileus, 370 

- neurovascular supply, 408 

- relation of a. mesenterica superior 
to, 261 

- topography, 363 

- venous drainage, 266 
-wall structure, 224 
Dysplasia, 323 
Dyspnea, 190 

E 

EAS. See M. sphincter ani externus; 

M. sphincter ani externus 
Echocardiography, 104-105. See 
also Ultrasound 

- four-chamber view, 105f 
-transducer, 104, 104f 

- transesophageal (TEE), 104, 105 

- transthoracic (TTE), 104, 104f, 105 

- two-chamber view, 105f 
Ectocervix, 321,321 f. See also Portio 

vaginalis cervicis 

Ectoderma/ata, 4, 4f, 4t, 14f, 24f, 
30f, 31,290 

- surface, 4t 

Ectopic pregnancy, 326 
Effector organ, 62, 62 f 
Eicosanoids, 63t 
Eisenmenger reaction, 21 
Ejaculate 

- composition, 328, 329 

- normal values, 334t 
Ejection phase, 110,110f 
Electrocardiogram (ECG) 

- bipolar limb leads, 109 
-chest wall leads, 109 

- Standard leads, 109 

- unipolar limb leads, 109 

- waves, spikes, intervals, 109 
Embolism 

- crossed, 21 

- paradoxical, 21 

- pulmonary, 21 
Embryo 

- 21 days, 42 
-21-23 days, 14 

- 3- to 4-weel< old, 15 
-4th week, 17, 48 

- 5th week, 30, 36 

- 6 weeks, 24 

- at 4 weeks, 6 

- at 5 weeks, 6 

- cross section, 14 

- development of testes and ovaria, 
49 

-folding, 5 
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-frontal section, 24 

- lateral view, 14, 24 

- mesenteria, 32 

- midsagittal section, 30 

- posterior body wall, 42 

- rostraI view, 14 

- sagittal section, 14 
Eminentia 

- iliopubica, 327 1 
Emphysema, 104,147,154 
Encephalon/a, 12 

End piece, oftail of spermatozoon, 
333,333 f 

Endocardial tubes, 14 
Endocarditis, 100 

Endocardium/a, 93t, 97, 124, 124f 
Endocervix, 321,321 f. See also 
Canalis cervicis uteri 
Endocrine secretion, 60 
Endocrine system 

- aa. and vv. of gll. suprarenales, 
302-303 

- diffuse endocrine system, 60 

- gll. endocrinae, 60 

- gll. suprarenales, 290-291 

- lymphatic drainage, 306-307 

- metabolism and feedback loop 
regulation in, 62-63 

- organs of, 3 1 

- overview, 60-61 
-types of hormonal 

Communications, 60 
Endocrinocytus/i, interstitialis, 49, 

52 f 

Endoderma/ata, 4, 4f, 14f, 24, 30f, 
31,42 

- of praeenteron, 24f 
Endometrium/a, 316, 316f, 316t, 

318f, 320 f, 321 f, 326, 326 f, 395, 
395f. See also Tunica mucosa uteri 

- cyclical changes in, 317 

- spiral arteries, 317 f 

- structure of, 317 
Endomural vein system, 113 
Endoplasmic reticulum. See Rough 

endoplasmic reticulum; Smooth 
endoplasmic reticulum 
Endoscopic papillotomy, 250 
Endoscopic retrograde 
cholangiopancreatography (ERCP), 
250 

Endosonography, 241 
Endothelium/a, 117f, 117, 147, 147f 

- in blood vessels, 11,11 f 

- in cor tubulare, 14 

Enteric nervous system. See Plexus 
entericus 

Enteroendocrine cells, 223, 223 f 
Enzyme, Type I hormone receptor 
as, 61 

Epicardium/a, 14, 90, 93t. See also 
Lamina visceralis tunicae serosae 
pericardii 

Epididymis/ides, 2 f, 46 1, 50f, 50t, 

52f, 54t, 55f,200t, 215f,300f, 

31 Ot, 311f, 332, 333, 334f, 334t, 
335 f, 344, 344f, 346, 347, 347f 

- fact sheet, 445 

- lymphatic drainage, 344 

- neurovascular supply, 415 

- normal values, 333t 


- structure, 333 
Epigastric angle, 150, 150 f 
Epigastrium/a, 89, 171f, 220, 242, 

352 

Epiglottis/ides, 23, 23 f, 158 f 
Epinephrine, 63, 63t, 290 

- receptor, 61 

Epiorchium. See Lamina visceralis 
tunicae vaginalis testis 
Epiphrenic diverticulum, 161,161 f 
Epithelium/a, 4, 29 f, 93 1, 135, 140, 
147, 223f 

- alveolar, 26 1, 27 

- bronchial, 24f 

- canalis cervicis uteri, 320 

- cervical, 321 f, 323 

- coelomicum, 48, 48f, 49, 49 f, 50, 
52 f, 53 f 

- colon, 231 f 

- cuboidal, 27 

- ductus deferentis, 334 

- duodenal, 33 

- endometrii, 316t, 317 
-follicular, 324 

- folliculus ovaricus, 325 

- germinal, 314f, 324 

- glandulae gastricae, 223 
-guttube, 30 f 

- in canalis analis, 234 

- in capsula glomerularis, 286 

- in oesophagus, 160 

- in portal triad, 247 

- in thymus, 168,168f 

- in tunica serosa, 9 

- laryngeal, 24, 24f 

- of cervix uteri, 321 
-of uterus, 320-321 

- of vagina, 320 

- proctodeum and stomodeum, 
30f, 31 

- respiratory. See Respiratory 
epithelium 

- sguamous, 11 

- tracheal, 24f 
-tunicae mucosae, vesicae 

urinariae, 297 

- urethral, 329 

- vaginal, 321 f 

Epoophoron/ra, 45, 49, 50t, 54t, 
55f,314f,315f 

ERCP. See endoscopic retrograde 
cholangiopancreatography 
Erythropoietin, 40, 63t 
Esophageal varices, 163, 163 f, 211 
Esophageal venous collaterals, 163 
Estradiol, 317 

Estrogen, 53 f, 63 1, 290, 317, 317f, 
320t, 321,322 
Excavatio/ones 

- rectouterina, 51,51 f, 294f, 312, 

312f, 316f, 318f, 319, 319f, 326f, 
343f, 383, 384f, 385f, 386f, 389f, 
390f, 394, 394f, 395 f 

- rectovesicalis, 198f, 199f, 201 f, 
294, 294f, 328f, 383, 384f, 385f, 
386f, 391,392f, 397, 397f 

-vesicouterina, 51,51 f, 294, 294f, 
312, 312f, 318f, 319f, 384f, 385f, 
386f, 394, 395, 395 f 
Expiration, 150 

Expiratory position, 150, 150 f 


External respiration, 150 
Extraembryonic cavity, 36 
Extraperitoneal organs, 201,201 1 

- primarily, 201 1 

- secondarily, 201 1 
Extremitas/ates 

- acromialis, claviculae, 171 f 

- anterior, splenis, 255 f 

- inferior, renis. See Polus inferior 
renis 

- posterior, splenis, 255 f 
-superior, renis, 254f, 361 f. See also 

Polus superior renis 
-tubaria, ovarii, 314f, 315f, 324f, 

325 f 

- uterina, ovarii, 314f, 315 f, 324f, 

325 f 

F 

F cells, of insulae pancreaticae, 253 
Facies/es 

- anterior 

- cordis, 92, 92 1 

- glandulae suprarenalis, 290 f 

- pancreatis, 252 
-renis, 285, 285f, 380 

- uteri, 315f, 319f 

- colica, splenis, 255 f 

- colicomesenterica, gasteris, 364 f 
-costalis, pulmonis, 136f, 137,137 f 

- diaphragmatica 

-cordis, 92,92 1, 93, 113,180, 

180f 

- hepatis, 244, 245, 245 f, 246 

- pulmonis, 137,137 f 
-splenis, 255, 255 f 

- epigastrica, gasteris, 364f 

- gastrica, splenis, 255f, 359f, 362 f 

- hepatica, gasteris, 364f 

- inferior, cordis, 92, 92 1 
-interlobares, pulmonis, 137 

- medialis, ovarii, 324f 
-mediastinalis, pulmonis, 137,137f 

- pancreatica, gasteris, 364f 

- phrenica, gasteris, 364f 

- posterior 

- cordis, 92, 92 1, 93 
-renis, 285, 285f,286f 

- posteriores, uteri, 294f, 314f, 324f, 
343f 

- renalis 

- gasteris, 364 f 

- glandulae suprarenalis, 290, 290 f 

- splenis, 255f 

- splenica, gasteris, 364f 

- sternocostalis, cordis, 92, 92 1, 113, 
114,180 

- suprarenalis, gasteris, 364 f 
-visceralis 

- hepatis, 245, 245f, 246, 249 

- lobi hepatis dextri, 244f, 245f 

- lobi hepatis sinistri, 244f, 245f 

- splenis, 255 
Fallot, tetralogy of, 21 
Fascia/iae 

- cervicalis, 71 f 

- cremasterica, 332 f, 333 1, 335 f 

- diaphragmatica, 90, 90 f, 91 f 

- diaphragmatis, pelvis, 387 f 


- endothoracica, 73 f, 130, 129 1, 

133 f, 174f 

- inferior, diaphragmatis pelvis, 387 

- investiens superficialis, abdominis, 
328 f 

- mesorectal fascial envelopes, 372 

- obturatoria, 313f 

- pararectal, 241,241 f 

- parietalis, 386 
-pelvis, 299, 372,386 

- parietalis, 241,241 f, 295 f, 299, 
299f, 301 f, 373, 373 f, 386, 386f, 
391 f, 391,393f 

- visceralis, 241,241 f, 295 f, 296 f, 
299, 299 f, 301 f, 372f, 373, 373f, 
384f, 386, 386f, 391 f, 391,393f, 
397, 397 f 

- penis, 300f, 328 f, 397 f 

- perinei, 295 f, 301 f 
-phrenicopleuralis, 129t, 133f, 174f 

- recti, 373 f, 391 f. See also Fascia 
pelvis visceralis 

- rectoprostatica, 328 f, 386 

- rectovaginalis, 386 

- renalis, 283 f, 284, 284f, 377 

- anterior layer, 379 f 

- posterior layer, 379 f 

- retro prostatica, 241. See also 
Septum rectovesicale 

- spermatica 

- externa, 332 f, 333 1, 335 f 

- interna, 332f,333t, 335 f 

- superior, diaphragmatis pelvis, 

295, 295 f, 299, 387 

-transversalis, 197f, 284, 333t, 372, 
382f, 383f 
-visceralis, 386 
Fascicle 

- anterior, cruris sinistri fasciculi 
atrioventricularis, 108f 

- middle, cruris sinistri fasciculi 
atrioventricularis, 108f 

- posterior, cruris sinistri fasciculi 
atrioventricularis, 108f 

Fasciculus/i, atrioventricularis, 99, 
99f, 108,108f, 114 
Fat cells, 60 f 
Fats, 29. See also Lipids; 

Triglycerides; Lipids; Triglycerides 
Fatty acid derived hormones, 63. See 
also Prostaglandins 
Fatty streaks, 117 
Fauces, 28, 28 f, 29, 29 f 
Fencing position, 103 
Fetus, 3rd month, 17 
Fibra/ae, obliquae, tunicae 
muscularis, 222, 222 f, 223 f 
Fibroblasts, 117 
Fibroids, 282, 316 
Fight or flight response, 65 
Filling phase, 110,110 f 
Fimbria/ae, tubae uterinae, 315, 
315f,324f 

Final urine, 40, 40f, 44, 287 
Fish, body cavity, 3 f 
Fissur a/ae 

-horizontalis, 136, 136f, 137 f 

- obliqua 

- pulmonis dextri, 89 f, 130 f, 177 f 

- pulmonis sinistri, 89 f, 130 f 

- portalis, 248 
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Fistula 

- umbilical, 39, 39f 

- urethrovaginal, 301 

- urorectal, 39f 

- vitelline, 39 

Fixation, of hepatic specimen, 362 
Flagellum, of spermatozoon, 333 
Flexion, of uterus, 318, 318t 
Flexura/ae 

- coli 

- dextra, 220f, 225f, 228, 228f, 

229f, 242, 243f, 249f, 267, 358f, 
359f, 361 f, 362f, 369, 371 f, 380, 
380f 

- hepatica, 369 

- sinistra, 203t, 205t, 219, 225f, 
228, 228f, 229, 229f, 249f, 252, 
252f, 254, 254f, 261,261 f, 262, 
262f, 263, 263f, 268, 268f, 269, 
354f, 358f, 359f, 362f, 363f, 366f, 
367f, 368f, 369, 369f, 371 f, 377f, 
380 

- splenica, 369 

- coli, sinistra, 260 

- duodeni 

- inferior, 224f 

- superior, 224f 

-duodenojejunalis, 224f, 226, 226f, 
353t, 359f, 362f, 363f, 379f 
-intermediosinistra, lateralis, 233, 

233f 

- perinealis, 232, 232f, 233, 234, 
234f, 397, 397f 

- sacralis, 201t, 232, 232f, 397, 397f 

- splenica, 254 
Floating kidney, 282 
Foam cells, 117f, 117 
Folic acid, 240 

Follicle-stimulating hormone (FSFH),, 
317,317f. See also Follitropin 
Folliculocytus/i, primordialis, 49 
Folliculus/li 

-ovarici, primordiales, 49f 

- ovaricus, 54t, 317, 324-325, 324 

- graafian, 325, 325f 

- maturation, 325 

- primary, 325, 325f 

- primordial, 325, 325f 

- vesicular, 325, 325f 
Follitropin, 63t 
Foramen/mina 

- interventriculare, 19, 21 

- ischiadicum, majus, 337f, 337t 

- obturatorium, 307 

- omentale, 35, 35f, 198f, 220, 220f, 
356, 359f, 361,361 f, 362f 

-ovale, 18, 18f,20, 20f, 21,21 f, 96 

- primum, 16f, 18,18f 

- sacrale, anterius, 373f 
-secundum, 18,18f, 21 

- venae cavae, 72f, 73f, 74f, 75, 75f, 
75t, 76f, 77f, 80, 81 f, 87f, 172t, 
185f, 197f, 207,273 

Foregut. See Praeenteron 
Fornix/ices, vaginae, 51 f, 315, 319 
Fossa/ae 

-cubitalis, 170 f, 188 

- iliaca, 324 
-infraclavicularis, 171f 

- inguinalis 


- lateralis, 382, 382f, 383f, 383t, 
385f 

- medialis, 382, 382f, 383f, 383t 

- ischioanalis, 232f, 239, 387f, 389f, 
396, 396f 

-jugularis, 170 f 

- navicularis, 300f, 300t, 328f 

- ovalis, 18, 96, 97. See also Hiatus 
saphenus 

- paravesicalis, 385f 
-supraclavicularis, 170f 

- supravesicalis, 382, 382f, 383f, 
383t, 385f 

-vesicae biliaris, 246, 248, 248f 
Fovea/ae, analis, 37, 38t 
Foveola/ae, gastricae, 223, 223f 
Frankenhauser, plexus of. See Plexus 
uterovaginalis 

Frenulum/a, ostii ilealis, 230, 230f 
Functional castration, 330 
Functional end arteries, arteriae 
coronariae as, 112 
Functional residual capacity, 134, 
151 

Fundus/i 

- gastricus, 159f, 162f, 163f, 220f, 
221,221f, 222f, 273,277, 364, 
365 

- uteri, 294f, 312, 312f, 313, 313f, 

314f, 315, 315f, 316, 316f, 318f, 
320f, 326, 327, 340, 342f, 343f, 
378f, 389f, 395f 

-vesicae biliaris, 243, 248, 250f, 

353 1 

-vesicae urinariae, 295 f, 296, 296 f, 
297f, 297t, 307, 328 f 
Funiculus/i 

- posterior, medullae spinalis, 236 

- spermaticus, 303, 333t, 335, 338f, 
396 f 

- anterior view, 335 

- contents, 335 

- umbilicalis, 5, 6 f, 7 f, 20 f, 36 
Fusiform aneurysm, 192 

G 

G cells, 223 
G proteins, 61 

Galea/ae, metanephrogenica, 44, 
44f 

Gallbladder. See Vesica biliaris 
Gallstones, 249t, 250, 251 
Ganglion/ia 

- aorticorenalia, 216f, 218, 279 f, 
308, 308f, 309, 309f,413f 

- autonomica, 216, 217 

- cervicale 

- inferius, 64f, 127 f, 400 f 

- medium, 64 f, 86f, 87 f, 126 f, 

127f, 148f,400f 

- superius, 64f, 86 f, 400 f 

- cervicalia, 127, 402 f 
-cervicothoracicum, 64f, 86 f, 148 f 

- coeliacum, 64f, 21 6f, 217, 218, 

218f, 276, 276 f, 277, 211f, 278f, 
279f, 280f, 308f, 309, 349f, 406f, 
401 f, 408 f, 41 5 f 

- impar, 216f, 217f 

- inferius, nervi vagi, 66 f, 86 


- lumbalia, 216f, 21 If, 218, 278f, 
280f, 308f, 346f 

- mesenterica, superiora, 64 f, 216 f, 

218, 218f, 276, 276f, 277, 278, 
278f, 279, 279f, 280f, 281,308f, 
349f, 408f, 409f, 41 Of, 411 f, 416f, 
417f 

- mesentericum, 349 

- inferium, 414f 

-inferius, 64f, 216f, 218, 218f, 
278, 278f, 279, 280f, 281,281 f, 
308f, 309, 309f, 349f, 

-41 If, 412f 

- superius, 64f 

- parasympathicum, 65f, 217 

- pelvica, 280f, 372f, 391 

- prevertebral, 65f, 66f 

- renalia, 308, 309, 309f, 347, 347f, 
348, 349, 349f 

-sacralia, 216f, 217f, 280f, 308f, 
393f 

-sensoria, nervorum spinalium, 65, 
66, 66f, 131,372f 

- stellatum, 64f 

- superius, nervi vagi, 66f 

- sympathicum, 65, 65f, 66, 86, 
131,290 

- thoracicum, 87f, 126, 126f, 127, 
148, 148f, 1 61 f, 218, 401 f, 402f, 
404f 

-trunci sympathici, 65f, 66f, 167 
Gartner’s duct. See also Ductus 
longitudinalis epoophori 

- cyst, 48 

Gas exchange, 22, 23 
Gaster/res, 2f, 7f, 12, 28, 28f, 29, 
29f,31,31f,32,32f,33f,34f,35, 
35f, 35t, 36, 36f, 37, 37f, 38t, 67, 
67f, 84, 84f, 87f, 88f, 104, 104f, 

126f, 129, 129f, 156, 156f, 159, 
159f, 160, 163f, 164, 165, 165f, 

167, 198f, 200, 200f, 200t, 201 f, 
203t, 205t, 211,214, 214f, 216, 

219, 220f, 221,228f, 231,242, 
242f, 243f, 244f, 252f, 254, 254f, 
256f, 258, 266f, 267, 268, 269, 
213f, 276f, 282f, 352, 353f, 354, 
354f, 356f, 359, 360, 360f, 361, 
361 f, 362, 362f, 364f, 365, 366f, 
367f, 380f 

- anterior view, 221 

- arterial supply, 256, 257 

- autonomic innervation, 64f, 276 

- contact with other organs, 364 

- endoscopic view, 223 
-fact sheet, 427 

- in situ, 220 

- interior, 221 

- location, 220 

- lymphatic drainage, 273 

- neurovascular supply, 407 

- referred pain, 276 

- rotation, 33, 33f, 35t 

- shape and divisions, 221 

- topographical relationships, 220 

- topography, 364 

- venous drainage, 208, 266 
-wall structure and histology, 

222-223 

Gastric bubble, 221,370 
Gastric ulcer, 223 


Gastrin, 63 1, 223, 277 
Gastroesophageal reflux, , 159 
Gastrointestinal tract, 10f, 28, 60f, 
208f 

- after rotations of gaster and 
intestina, 36 

- development, 30 

- developmental anomalies, 39 

- differentiation, 31 

- histology, 29 

- parasympathetic effects, 219t 

- sympathetic and parasympathetic 
effects, 65t 

- sympathetic effects, 218t 
Gelatinoreticulum/a, 14,14f, 16 
Gemma/ae 

- hepatopancreatica, 30f 

- loborum pulmonalium, 26f 

- pancreatica, 34f, 251 

- dorsalis, 32, 32f, 33, 33f, 34, 34f, 
35t, 251,253, 253f 

- fusion of, 33 

-ventralis, 32, 32f, 33, 33f, 34, 

34f, 35t, 251,253, 253f 

- pulmonales, 6, 6f, 25, 25f, 27, 36f 

- respiratoria, 30f 

- ureterica, 42f, 43, 43f, 44, 44f, 45, 
45f, 288 

Genital organs, 208f, 212, 219 

- autonomic innervation, 64f 

- classification of, 310 

- externaI, 46, 46t, 310, 31 Ot, 344 
-female, 31 Ot 

- arterial supply, 340 

- autonomic innervation, 348-349 

- in situ, 313 

- internal, 312-325 

- lymphatic drainage, 345 

- vascularization, 340-341, 
342-343 

- venous drainage, 340 
-functions of, 31 Ot 

- internal, 46, 46t, 310, 31 Ot, 344, 
375 

- male, 31 Ot, 328-335 

- anterior view, 334 

- arterial supply, 339 

- autonomic innervation, 346-347 

- lymphatic drainage, 344 
-vascularization, 338-339 

- venous drainage, 339 

- stadium neutrale, 48 

- sympathetic and parasympathetic 
effects, 65t 

-venous drainage, 208 
Genital system. See also Genital 
organs 

- accessory sex glands, 328-329 

- autonomic innervation, 346-347, 
348-349 

- cervical carcinoma, 322-323 

- comparison of embryonic and 
mature structures, 54-55 

- comparison of gender differences, 
52-53 

- cytologic smear, 322-323 

- development of ductus genitales, 
50-51 

- development of external genitalia, 
55 

- development of gonadae, 48-49 


463 


Index 


- development of internal genitalia, 
55 

- epithelial regions of uterus, 
320-321 

- female, 47,49, 50,51,53, 
336-337,340-343,345, 348-349 

-female internal genitalia 

- ligaments and peritoneal 
structures, 314t 
-overview, 312-313 

- projection onto pelvis, 312 

- topographical anatomy, 

314-315 

- follicular maturation, 324-325 

- lymphatic drainage, 215, 344-345 

- male, 47, 49, 40, 52, 328-335, 
338-339,344, 346-347 

- ovarium, 324-325 

- overview, 46-47, 310-311 

- positions of uterus and vagina, 
318-319 

- pregnancy and childbirth, 

326-327 

- prostate tumors, 320-321 

- relationship to urinary system, 
52-53 

- scrotum, testis, epididymis, 
332-333 

- seminiferous structures and 
ejaculate, 334-335 

- uterus wall structure and function, 
316-317 

- vascularization of female pelvic 
organs, 340-341,342-343 

- vascularization of male organs, 
338-339 

Genitalia. See Genital organs; Genital 
organs; Genital system 
Germ layers. See also Ectoderma; 
Endoderma; Mesoderma 

- development of gastrointestinal 
tract, 30 

- development of respiratory tract 
from, 24 

- development of urinary system 
from, 42 

- differentiation, 4 

Germinal epithelium, 314f, 324, 

325 f 

Gestation, 46 
Glandotropic hormone, 62 
Glandula/ae 

- bulbourethralis, 46t, 54t, 55f, 

234f, 295f, 300f, 31 Ot, 311,311 f, 
328, 328f, 329 f, 334f, 346, 347, 
387f, 397 f 

- autonomic innervation, 347 

- normal values, 329 f 
-duodenales, 225, 225 f 

- endocrinae, 60, 60 f, 62, 62 f, 63, 
63t 

- gastrica, 223, 223f 

- intestinales, 225 f, 231,231 f 

- mammaria, 83 f 
-oesophageae, 160, 160f, 166t 

- parathyroideae, 60 f, 63 1 

- parotideae, 28, 28 f, 29, 29 f 

- pharyngeales, 4 1 

- pinealis, 60f, 63t 

- prostatica. See Prostata 

- salivaria, 28, 29 


- salivariae, minores, 28 

- sublinguales, 28, 28f, 29, 29 f 

- submandibularis, 28, 28 f, 29, 29 f 

- suprarenales, in situ, 291 

- suprarenalis, 45, 45f, 62, 63t, 64, 
173f, 200, 200f, 203t, 206, 207, 
208f, 213, 215f 219, 225f, 242f, 
244f, 249f, 252 f, 254 f, 282, 282 f, 
283, 283f, 284, 284f, 285, 285 f, 
290-291,290f, 292, 292f, 302, 
303, 303f, 306, 308, 308f, 361 f, 
363, 363f, 366f, 367, 374, 374f, 
376 f, 377f, 378 f, 380, 380f 

- aa. and vv., 302-303 

- autonomic innervation, 308-309 

- dextra, 291 f, 353f 
-fact sheet, 436 

- location, 290 

- lymphatic drainage, 306 

- neurovascular supply, 413 

- shape, 290 

- sinistra, 291 f, 353f 

- structure, 290 

- venous drainage, 208 
-thyroidea, 2 f, 60 f, 62, 63t, 87, 90 f, 

124, 126f, 129f, 169, 169f, 177 f 
-tracheales, 135f 

- urethralis, 300f, 301 f 

- uterinae, 317, 317 f 
-vesiculosa, 44f, 46t, 50 f, 50 1, 52f, 

54t, 55 f, 200 1, 215f, 234f, 300f, 

301 f, 309f, 310t, 311,311/, 328, 
328f, 329f, 331f, 3311, 334f, 338f, 
344, 346, 346f, 347, 347f, 372f, 
373, 373f, 384f, 391,393f, 396, 
396 f, 397, 397 f 

- autonomic innervation, 347 

- fact sheet, 444 

- lymphatic drainage, 344 

- neurovascular supply, 414 

- normal values, 329 f 

- sympathetic effects, 218t 
-vestibulares 

- majores, 46t, 54t, 55f, 311f 

- minores, 46t, 54t 
-vestibularis, 31 Ot 
Glandular hormones, 62 f 
Glans/ndes 

- clitoridis, 54t, 55f 

- penis, 54t, 55 f, 300f, 311f, 328f, 
332f, 335 f, 350 f 

Glomerulus/i, 12, 40, 40 f, 44, 44f, 
48f, 286, 287f 

- mesonephricus, 42f 

- urinary pole, 286 

- vascular pole, 286 
Glottis, 196 

Glucagon, 29, 63, 63t, 253 
Glucocorticoids, 63t 
Glycogen, 320, 320 f, 3201, 323 
Glycolysis, 116 

GnRH. See Gonadotropin-releasing 
hormone 

Goblet cells, 135, 135f 
Gonada/ae, 42, 43, 43f, 46, 47, 48, 
50, 54t, 55,67f, 203t, 213, 215, 
310 

- descent of, 43, 55 

- development, 48-49 
Gonadotropin-releasing hormone 

(GnRH), 330 


Graafian follicle, 324, 325, 325 f 
Granulation tissue, 116 
Granulocytes, 116 
Granulosa cells, 325, 325 f 
Gubernaculum/la, 54t, 55f, 314t 
-testis, 54t, 55f 
Gut, 42f 

- loop of, If 

Gut tube, 4 f, 5, 6f, 17 f, 30, 30f, 31 

- autonomic neurons, 30 f 

- mesenteria of, 32 

- stroma of, 30 f 

H 

HAL. See Hemorrhoidal artery 
ligation 

Hassall’s corpuscles. See Corpuscula 
thymica 

Hasselbach’s triangle, 382 f 
Haustrum/a, coli, 2281, 229, 229 f, 
231,231f, 371,371f 
Head fold, 5 f 
Head zone, 67, 67 f, 276 
Heart. See Cor 

Heart catheter examination. See 
Coronary angiography 
Heart failure 
-acute right-sided, 144 

- right-sided, 243 
Heart rate, 109t 

Heart sounds, 110, 110f 
Heart tube, 15 f 
Heartbeat 

- apical, 172 

- phases, 110 
Heartburn, 159 
Heart-lung preparation, 142 
Helicobacter pylori, 223 
Hematoma, perivascular, 192 
Hemicolectomy, 370 
Hemidaphragm, 72 
Hemoglobin, 22 

Hemorrhoidal artery ligation (HAL), 
239 

Hemorrhoidal disease, 235, 238, 
265 

-therapeutic possibilities, 239 
Hemorrhoidal plexus, 233, 233 f, 
234, 234f, 235, 235 f, 237f, 238 

- arterial supply, 265 

- hyperplasia, 235 
Hemorrhoidectomy, 239 
Hemorrhoids, 238 
Henle 

- loop of. See Ansa nephroni 

- trunk of. See Truncus 
gastropancreaticocolicus 

Hepar/ata, 2f, 7,10f, 12, 17, 17f, 
20, 20f, 28, 28f, 29, 29f, 30, 31, 

31 f, 32f, 33, 33t, 34, 34f, 35, 35t, 
36f, 38t, 56, 62, 62 f, 631, 67f, 71 f, 
76, 83f, 89, 107 f, 133f, 163, 172t, 
173 f, 174f, 177 f, 179, 198f, 200, 
200f, 200t, 201 f, 203t, 205t, 207, 
208, 211,214, 214f, 219, 220, 
220 f, 225, 242f, 243, 243f, 249t, 
251,252f, 254, 254f, 256 f, 258, 
267,269, 271,273, 273f,276f, 
282, 282f, 284, 284f, 353f, 353t, 
359, 360, 360f, 361,361 f, 362, 


362 f, 363, 365, 367, 368, 369, 

379, 379 f, 380 f 

- anterior view, 242, 245, 246 

- arterial supply, 256, 257 

- autonomic innervation, 64 f, 276 

- cirrhosis, 163 

- contact with other organs, 362 
-facies diaphragmatica, 245 

- facies visceralis, 245 
-fact sheet, 432 

- histology, 247 

- in situ, 242, 243 

- inferior view, 245 

- lymphatic drainage, 273 

- neurovascular supply, 406 

- parasympathetic effects, 219 1 

- parenchyma of, 30f 

- peritoneal covering, 244 

- peritoneal relationships and shape, 
244-245 

- position and relationship to 
adjacent organs, 242-243 

- posterior view, 242 

- projection of segmental 
boundaries onto surface, 246 

- projection onto trunk and adjacent 
organs, 242 

- referred pain, 276 

- segmentation, 246 

- stroma of, 30f 

- sympathetic effects, 218t 

- topography, 362 
Hepatic dullness, 89f 
Hepatic portal system,, 207, 

208-209, 270. See also Portal 
venous system 
Hepatitis, 247 

Hepatocytes, 247, 247 f, 249 1 
Hepatomegaly, 242 
Hernia, 196 

- Bochdalek, 7 

- congenital 

- diaphragmatic, 7 

- indirect inguinal, 332 

- diaphragmatic, 7, 75 
-femoral, 383, 383t 

- hiatal, 75 

- inguinal 

- direct, 383, 383t 
-indirect, 332,382,383,383 1 

- suprapubic, 383 

- supravesical, 383t. See also Hernia, 
suprapubic 

- visceral, 75 
Hernial openings, 383 
Herniation, physiological umbilical, 

36,38 1 

Hesselbach’s triangle. See Fossa 
inguinalis medialis 
Hiatus/us 

- aorticus, 58, 72 f, 73 f, 74 f, 75, 75 f, 
75 1, 79, 81 f, 82, 82f, 172t, 197f, 
353t 

- levatorius, 197f 

- oesophageus, 73 f, 74f, 75, 75 f, 

75t, 76f, 77f, 81f, 87, 156, 1 57f, 

1 59, 159f, 161,165, 172t, 197f 

- saphenus, 335f, 383t 
High-resolution computed 

tomography (HR-CT), 154 


464 


Index 


Hilum/la 

- of ovarium, 49 

- of testis, 49 

- pulmonis, 85, 129, 137, 137f, 138, 
148, 149, 151, 153 

- renale, 41,282, 283, 284, 284f, 
285, 285f, 287, 291,305, 353t, 
380 f 

- splenicum, 254, 255, 255 f, 353 1 
Hindgut. See Metenteron 
Hirschsprung disease, 280 

His 

- angle of. See Angle of His 

- bundle of. See Fasciculus 
atrioventricularis 

Histamine, 63t 

Hormones, 60, 62 f. See also Amino 
acid derivative hormones; 
Glandotropic hormone; Glandular 
hormones; Inhibiting hormone; 
Peptide hormones; Protein 
hormones; Releasing hormone; 
Retinoic acid; Steroid hormones; 
Thyroid hormones; Tropic 
hormone; Fatty acid derived 
hormones 

- metabolism, 62 

- regulation, 63 

- sites of formation, 63 

HPV. See Human papilloma virus 
Human body, anterior view, 2 
Human papilloma virus (HPV), 323 
Humoral immune response, 56 
Hyaline cartilage, 135 
Hydatid of Morgagni. See Appendix 
vesiculosa 
Hydrocele, 332 

Hydrochloric acid (HCI), ,159 
Hydrocortisone, 290 
Hydrogen ions, 40 
Hydronephrosis, 45 
Hydrophilic hormones, 61 
Hymen, 51,51 f, 54t 
Hyoid arch. See Arcus pharyngeus 
secundus 
Hypertension, 190 
Hyperthermia, 339 
Hypogastrium/a, 352 
Hypopharyngeal diverticulum, 161 
Hypophysis, 63, 63t, 317 

- anterior lobe. See 
Adenohypophysis 

- posterior lobe. See 
Neurohypophysis 

Hypospermia, 334t 
Hypothalamic-pituitary axis, 63 
Hypothalamus/i, 60 f, 62, 62 f, 63, 

63 1 

Hysterectomy, 324 

i 

IAS. See M. sphincter ani internus 
lleocecal junction, 36 
lleum/a, 2f, 28, 28 f, 29, 29 f, 31 f, 

32f, 36, 36 f, 37, 37f, 38t, 39f, 

198f, 200, 200f, 200t, 201 f, 207, 
214, 214f, 223, 226-227, 226 f, 
227f, 252, 274f, 278, 279, 353 f, 
354 f, 355 f, 358f, 359 f, 368, 370 f, 
385 f 


-fact sheet, 429 

- in situ, 227 

- lymphatic drainage, 274 

- neurovascular supply, 409 
-wall structure, 226 

Ileus, mechanical, 226, 357, 370 
lliolumbar line, 307 
lliosacral line, 307 
Ilium, 270. See also Os ilium 
Immune response 

- cellular. See Cellular immune 
response 

- humoral. See Humoral immune 
response 

- interleukins in, 60 

- lymphatic system in, 56 
Immune system, organs of, 3t 
Immunocompetent, defined, 56 
Imperforate anus, 39 
Implantation, 326 
Impressio/ones 

- cardiaca, 89, 137,137 f 

- colica, 245f 

-duodenalis, hepatis, 362 f 

- gastrica, 245f 

- renalis, 245f 
-suprarenalis, hepatis, 362 f 
Incisions 

- anterior subcostal, 353f 

- gridiron. See Incisions, McBurney 

- inguinal, 353f 

- lower midline laparotomy, 353f 

- McBurney, 353 

- periumbilical midline laparotomy, 
353,353 f 

- Pfannenstiel, 353f 

- placement of, 353 

- upper midline laparotomy, 353f 
Incisura/ae 

-angularis, 221 f, 222f 427 1 

- cardiaca, pulmonis sinistri, 137, 

1 37 f, 138 

- ischiadica, minor, 396 f 
-jugularis, sterni, 172t, 352 
Incontinence 

-fecal, 196 

- urinary, 196, 282, 294, 297t, 298 
Incus/udes, 24f 

Inflow tract. See also Tractus 
influxionis 

- ventriculi dextri, 96,111 

- ventriculi sinistri, 97,111 
Infracolic space, 356f 
Infradiaphragmatic, 264 
Infundibulum/Ia 

- hypophysis, 63 

- of right ventricular outflow tract, 

1 07 f 

-tubae uterinae, 314f, 315, 315 f 
-vesicae biliaris, 250, 250 f 
Inguinal hernia, 335 
Inguinal line, 307 
Inguinal testis, 333 
Inhibiting hormone, 62, 62 f 
Inspiration, 72,150 
Inspiratory position, 150,150 f 
Insula/ae, pancreaticae, 29, 60 f, 63 1, 
253,253 f 

Insulin, 29, 63, 63t, 253 

- receptor, 61 


Intercostal musculature, 76 f. See 
also Musculus intercostalis 
Intercostal space, 109 f. See also 
Spatium intercostale 
Interleukins, 60 
Internal hernia, 225, 357 
Internal mammary artery. See A. 

thoracica interna 
Internal mammary artery (IMA) 
bypass, 122,123 
Internal organs, overview, 2 
Intersectio/ones, tendinea, 170 f, 

350 f 

Interspinous diameter, 327t 
Interstitial fluid, 57 f 

- transport by lymphatic system, 56 
Intestinal atresia, 39t 

Intestinal gases, 370 
Intestinal tonsil. See Appendix 
vermiformis 
Intestinum/a, 12 

- autonomic innervation, 64 f 

- crassum, 28, 29, 36, 38t, 39, 67f, 
203t, 205t, 216, 219, 226, 228, 
229,230, 231,240, 260, 261 1, 
262, 268, 269, 278 f, 280, 358. See 
also Caecum; Colon ascendens; 
Colon descendens; Colon 
sigmoideum; Colon transversum; 
Rectum 

- anatomical divisions, 228 

- arterial supply, 260-261, 
262-263 

- autonomic innervation, 278-279 

- distinctive morphological 
features, 228 

- lymphatic drainage, 275 

- mechanical ileus, 370 

- radiography, 371 

- rectum, 232-233 

- topography, 369 

- venous drainage, 208 
-wall structure, 230-231 

- tenue, 28, 29, 31,36, 36f, 37, 38t, 
39, 39f, 56, 57, 67 f, 200f, 203t, 
205t, 216, 219,220,224,225, 
227, 228, 230, 242f, 249t, 260, 
261f, 2611, 262, 268, 274, 278f, 
279, 280, 354, 357, 357f, 358, 

368. See also Duodenum; Ileum; 
Jejunum 

- anterior view, 226 

- arterial supply, 260-261 

- autonomic innervation, 278-279 

- constrictions, 226 

- in situ, 355 

- lymphatic drainage, 274 

- mechanical ileus, 370 

- plexus entericus in, 67 

- radiography, 370 
-topography, 368 
-venous drainage, 208 

Intimal tear, 193f 
Intracellular receptors, 61 
Intraperitoneal organs, 201,201 1 
Intrathoracic pressure, 82 
Intravenous urography, 293 
Intrinsic factor, 223 
Ion channel, Type II hormone 
receptor as, 61 
Ischium. See Os ischii 


Islets of Langerhans. See Insulae 
pancreaticae 

Isovolumetric contraction phase, 
110,110f 

Isovolumetric relaxation phase, 110, 
110f 
Isthmus/i 

- aortae, 78, 78 f, 190 

- prostatae, 329, 329 f 
-tubae uterinae, 314f, 315, 315 f 

- uteri, 315, 315f, 318f, 320, 320 f, 
388 

J 

Jaundice, 247, 250, 252 
Jejunum/a, 2 f, 9 f, 28, 28f, 29, 29 f, 
31f,32f,36, 36f,37,37f,38t, 

198f, 200, 200 f, 200 1, 201 f, 207, 
214, 214f, 224f, 225f, 226-227, 
226 f, 227f, 249f, 252, 252f, 253f, 
274f, 278, 279, 353 f, 355f, 358f, 
367f, 368, 370f, 377, 377f, 379 f 

- fact sheet, 429 

- in situ, 227 

- lymphatic drainage, 274 

- neurovascular supply, 409 
-wall structure, 226 
Jugular ganglion. See Ganglion 

superius nervi vagi 
Junctio/ones, anorectalis, 233, 233 f, 
234, 234f, 235 

K 

Kerckring, valve of, 224f, 225 
Kidney. See Ren 

Kidney stone. See Urinary calculus 
Killian triangle, 160f, 161 
Knee-elbow position, 331 
Kohlrausch fold. See Flexura 
intermediosinistra lateralis 
Kyphosis thoracica, 156 

L 

Labium/ia 

- anterius, ostii uteri, 319f 

- majora, 46t, 54t, 55f, 295 f, 301 f, 
310t, 311f, 313f, 314t, 388 

- minus, 46t, 54t, 55f, 295 f, 301, 

301 f, 310t, 311f, 313f, 319f 

- posterius, ostii uteri, 319f 
Labor (childbirth), 196 
Labrum/a 

- ileocaecale, 230, 230 f 

- ileocolicum, 230, 230 f 

- inferius, 230, 230 f 
-superius, 230, 230 f 
Lactic acid, 320, 320t 
Lactobacillus acidophilus, 320, 320t 
Lacuna/ae 

- musculorum, 337 f, 337 1 
-vasorum, 337f, 3371, 383 
LAD. See R. interventricularis 

anterior 

Laimer triangle, 158,158f 
Lamina/ae 

- basalis, 10f 

- chorionica, of placenta, 15 f 
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- epithelialis, tunicae mucosae, 
160f,223f,231f 

- muscularis, mucosae, 67f,160, 
160f, 223, 223f, 231 f, 235 

- neuralis, 4, 4 f, 5, 14, 14f 

- parietalis, 9 

- pericardii, 90, 92, 181, 181 f 

- pericardii serosi, 90f, 91 

- tunicae vaginalis testis, 332, 

332f, 333t 

- posterior, vaginae musculi recti 
abdominis, 74f, 174f, 382 f 

- praechordalis, 14,14f 

- pretrachealis, fasciae cervicalis, 

71 f, 169, 177f 

- propria, 135, 223 f 

- endometrii, 317 
-ilei, 226 

-tunicae mucosae, 160,160f, 

163,231,231f 

- superficialis, fasciae cervicalis, 71 f, 
177 f 

-vaginae, 51,51f 
-visceralis, 9 

- pericardii, 90, 92,181 

- pericardii serosi, 90f, 124,124f 
-tunicae serosae, 88 

- tunicae vaginalis testis, 332, 

332f, 333t 

Langerhans, islets of. See Insulae 
pancreaticae 
Lanz point, 231,231 f 
LAO. See Chest radiograph, oblique, 
left anterior 
Laparotomy, 353f 
Larrey’s cleft. See Trigonum 
sternocostale 

Larynx/ges, 2 f, 22, 22 f, 23, 23 f, 86 f, 
148f, 160, 

- blood vessels, 24f 

- cartilaginous skeleton, 24f 

- development, 24 

- development of, 24-25 

- epithelial lining, 24f 

- lateral view, 23 

- striated muscles, 24f 
Lateral, folding, 5 f 

Lateral thoracic wall, structure, 174 
LAV. See R. atrioventricularis sinister 
LCA. See A. coronaria sinistra 
LCX. See R. circumflexus 
LDL cholesterol, 117f, 117 
Lecithin, 249t 

Left anterior descending artery. See 
R. interventricularis anterior 
Left lateral position, 331 
Left lower quadrant, 352 
Left upper quadrant, 352 
Left ventricular outflow tract (LVOT). 

See Outflow tract, ventriculi sinistri 
Left-right Circuit, 17 
Leydig cells. See Endocrinocyti 
interstitiales 

Lieberkuhn crypts. See Gll. 

intestinales 
Lien. See Splen 
Ligament of Treitz. See Lig. 

suspensorium duodeni 
Ligamentum/a 

- anococcygeum, 235 

- anularia, 134, 134f 


- arcuatum 

- laterale, 73 f, 74f, 381 f 

- mediale, 73f, 172t,381f 

- medianum, 73 f, 74 f, 75 f 
-arteriosum, 20, 20 f, 21 f, 78 f, 79, 

88f, 90 f, 92 f, 94 f, 96 f, 91 f, 129 f, 
131 f, 143f, 180f, 181 f, 183f, 184f, 

185f, 186f, 190, 190f 

- capitis, femoris, 394 f 

- cardinale. See Lig. transversum 
cervicis 

- caudal gonadal, 55f 

- coronarium, 244 
-cricothyroideum, 134f 
-falciforme, 242, 242f, 246 

- gastrocolicum, 33t, 37, 37 f, 360f, 
361,361f 

- gastrophrenicum, 33t 

- gastrosplenicum, 33t, 34 f, 35 1, 

254, 254 f, 359f, 361 f, 362f, 363f, 
374f, 376 f 

- hepaticoduodenale, 244f, 376 f 

- hepatoduodenale, 33t, 34, 220, 
220f, 225, 225f, 243, 243f, 244, 
245, 248, 248f, 249, 252f, 256, 
258, 211f, 356f, 359, 359 f, 361, 
362, 362 f, 363, 363f, 364, 374f, 
377f, 380f 

- hepatogastricum, 33t, 198 f, 220, 
220 f, 245, 254f, 359, 359 f, 362 f 

- hepatooesophageale, 220, 220f 

- hyoepiglotticum, 158f 

- inguinale, 212f, 307, 307f, 335 f, 
331f, 337t, 343f, 383, 383f, 383t, 
390 f 

- laterale, vesicae, 386 

- latum, uteri, 51,51 f, 294f, 314, 
314f, 314t, 320f, 324, 324f, 340, 
341,342, 342f, 343, 343f, 345, 
345f, 385f, 389, 389f, 390, 390f, 
391 

- longitudinale, anterius, 189 f 
-ovarii, proprium, 54t, 55 f, 314 f, 

314 1, 315 f, 324, 324f, 325 f, 343 f, 
384f, 385f, 388f, 389f, 390f, 395 f 

- pectineum, 383f 

- phrenicocolicum, 33t, 361 f 

- phrenicosplenicum, 33t, 35t, 225 f, 
254 f 

- pubicum, inferius, 295 f 

- puboprostatica, 298, 299 

- pubourethrale, 298, 299 

- pubovesicale, 299 f, 386, 388, 388 f 

- pulmonale, 137, 137f 

- recti, laterale, 386 

- rectouterinum, 314f, 388, 388f, 
389,394f 

- sacrospinale, 74f, 331 f, 394 f 

- sacrotuberale, 331 f 

- sacrouterinum, 388, 388f 
-splenocolicum, 254, 254f 

- splenorenale, 33t, 34f, 254, 254f 

- stylohyoideum, 24 f 

- suspensorium 

- duodeni, 224, 224f 

- ovarii, 55 f, 294f, 311f, 313f, 314, 
314f, 314t, 324, 324f, 340f, 342, 
342f, 343f, 349, 385f, 387f, 389f, 
395 f 

- penis, 335 f, 391 f 


- teres 

- hepatis, 20, 20f, 32f, 33t, 34f, 
38t, 220 f, 227f, 242, 242f, 244f, 
245f, 246f, 353, 354f, 355 f, 359 f, 
362f, 382, 382f 

- uteri, 54t, 55 f, 294f, 301 f, 311f, 
313f, 314t, 340f, 342f, 343f, 384f, 
385f, 331 f, 388, 388f, 389, 389f, 
390f, 395 f 

-thyrohyoideum, 158f 
-transversum 

-cervicis, 313f,314t, 320, 386, 
388f, 389, 389f, 391,391 f, 394 

- perinei, 319 f 
-triangulare 

- dextrum, 244f, 245f 

- sinistrum, 244f, 245f 

- umbilicale 

- mediale, 20, 20 f 

- medianum, 292 f, 294f, 295 f, 
296, 296f, 300f, 311f, 343f, 382 

-venae cavae, 145f, 179 f, 245 f 
-venosum, 20, 20 f, 244 f 
-vesicouterinum, 388, 388f 
Limbus/i, fossae ovalis, 96, 96 f 
Linea/ae 

-alba, 170f, 197f,350f 

- anocutanea, 233, 233 f, 234, 234f, 
241,241 f 

- arcuata, 1 91 f, 221 f, 354 f, 355 f, 
382 f, 383 f 

-axillaris, media, 109f, 132 f, 132 1 

- mediana 

- anterior, 172f 

- posterior, 172f 
-medioclavicularis, 1011,109f, 

132f, 132t, 172f 

- parasternalis, 172f 
-paravertebralis, 132f, 132t, 172f 

- pectinata, 233, 234, 234f, 235, 
235f, 238, 239, 239 f 

- primitiva, 4 f 

-scapularis, 132f, 132t, 172f 

- semilunaris, 170f, 350f 
-sternalis, 132f, 132t, 170f, 172f, 

350 f 

- supratransitionalis, 234f 
-terminalis, 196, 199, 199f, 292, 

327f 

Lingua/ae, 29, 29 f 
Lingula/ae, pulmonis sinistri, 136, 
136f, 137f 

Lipids. See also Fats; Triglycerides 

- deposits, 117 

- removal from intestinum tenue by 
lymphatic system, 56 

Lipophilic hormones, 61 
Lithotomy position, 331 
Liver. See Hepar 
LLQ. See Left lower quadrant 
LM. See R. marginalis sinister; 
Stratum longitudinale tunicae 
muscularis 
Lobectomy, 139 
Lobulus/i 

-anteromedialis, prostatae, 329 

- hepatis, 247, 247f 

- inferolateralis, prostatae, 329 

- inferoposterior, prostatae, 329 
-pulmonis, 136, 140, 146f, 147, 

154 


-superomedialis, prostatae, 329 
-testis, 332, 332 f, 333, 333f, 333t 
-thymi, 168 
-thymici, 168,169 
Lobus/i 

- caudatus, hepatis, 244f, 245, 245 f, 
360 f 

- dexter, glandulae thyroideae, 157f, 

176 f, 186f 

- hepaticus, dexter, 245f 

- hepatis, 209, 246 

-dexter, 145f,179f,220f, 228, 
242, 243, 244f, 245, 248, 248f, 
249f, 354f, 359 f, 360 f, 361 f, 362f, 
366 f, 367f 

-sinister, 145f, 179f, 220, 220f, 
242, 244, 244f, 245, 248f, 254f, 
354f, 359f, 360f, 362, 362 f, 366 f 

- inferior 

- pulmonis, 26 f, 76, 136,136f, 

1 31 f, 138 1, 142f, 149, 153, 175f, 

177 f 

- pulmonis dextri, 88 f, 89 f, 130 f 

- pulmonis sinistri, 88f, 89 f, 130f, 
177f 

- medius 

- pulmonis, 26 f, 136,136 f, 1 31 f, 
138 1, 142t, 153, 175f, 180f 

- pulmonis dextri, 88f, 89f, 129f, 
130f, Mlf 

- prostatae 

- dexter, 329, 329 f 

- medius, 329 

- sinister, 329, 329 f 

- pulmonis, 136,138 
-quadratus, hepatis, 244f, 245, 

245f 

- sinister, glandulae thyroideae, 

129f, 131f, 1 51 f 

- superior 

-pulmonis, 26f, 136, 136f, 137f, 
138t, 142f, 153, 175f, 177f, 180f 

- pulmonis dextri, 88f, 89 f, 130 f, 
177 f 

- pulmonis sinistri, 88 f, 89 f, 129 f, 
130 f 

-thymici, 168,169 
-thymicus 

- dexter, 169 f 

- sinister, 169f 

Loin to groin pain, 309 
Long axons, 63 

Lower limb, lymphatic drainage, 215 
LPL. See R. posterolateralis sinister 
Lung/Lungs, 12, 22, 23, 25, 31f, 76, 
83f, 84, 88,89, 107f, 111, 111f, 
124, 129, 130, 131,133, 140, 142, 
148, 149, 150, 151,153, 154, 157, 
173, 174f, 175, 175f, 178, 178f, 
242, 269 

- anterior view, 23,138 

- autonomic innervation, 64 f 

- borders of, 137 

- boundaries of, 132-133 

- color of, 136 

- computed tomography, 154-155 

- coronal section, 149 

- development, 25 

- development of, 24-25 

- diseases, opacity in, 153 

- fact sheet, 424-425 


466 


Index 


-fetal, 20 

- gross anatomy, 136 

- in situ, 129 

- lateral view, 136, 139 

- left, 22 f, 23 f, 26 f, 70, 70 f, 88f, 

89, 89f, 90f, 124, 128, 128f, 132f, 
132t, 136, 138t, 142f, 143t, 148f, 
149f, 151, 151f, 153, 154f, 173f, 

176f, 178, 367f 

- location in thorax, 128-129 

- lymphatic drainage, 149 

- medial view, 136,139 

- neurovascular supply, 404 
-partial resections, 138,139 

- percussion, 128 

- phases of development, 26 

- posterior view, 138 

- projection onto skeleton thoracis, 
132 

- radiographic appearance, 128 

- respiratory changes in volume, 

151 

- right 2f, 22f, 23f, 26 f, 70, 70f, 88f, 
89, 89f,90f, 124, 128, 128f, 132f, 
132t, 136, 138t, 142f, 143t, 148f, 

149f, 151 f, 153, 1 54f, 169f, 173f, 
176 f, 178, 182, 284f 

- segmentation, 138-139 

- shape and structure, 136-137 
-surfaces of, 137 

- sympathetic and parasympathetic 
effects, 65t 

- topographical relations, 128 
-transverse section, 149 
Lunula/ae, valvulae semilunaris, 100, 

lOOf 

LUQ. See Left upper quadrant 
Luteinizing hormone (LH),, 317, 

317f. See also Lutropin 
Lutropin, 63t 
Lymph, 56, 57 f 
-formation, 57 
Lymphangitis, 161 
Lymphatic follicles. See Noduli 
lymphoidei aggregati 
Lymphatic pathways, 56 f 

- overview, 57 

Lymphatic system, 10, 28. See also 
Deep lymphatic system; Superficial 
lymphatic system 

- abdomen and pelvis, 212-215 

- drainage of genitalia, 344-345 

- drainage of oesophagus, 164-165 

- drainage of pericardium, 124-125 
-drainage of renes, gll. 

suprarenales, ureter, vesica 
urinaria, 306-307 

- drainage pathways, 58-59 

- drainage quadrants, 58 
-functions, 56 

- intercostal lymphatics, 82 f 

- nodi lymphoidei, in thorax, 82-83 

- omentum majus as lymphoid 
organ, 354 

- overview, 56-57 
-splen, 254-255 

- arterial supply, 258-259 

- autonomic innervation, 276-277 

- lymphatic drainage, 272-273 

- venous drainage, 266-267 
-thymus, 168-169 


-vasa lymphatica in thorax, 82-83 
Lymphedema, 82 
Lymphocytes, 56. See also B 
lymphocytes; T lymphocytes 
Lymphography, 307 
Lymphokines, 63t 

M 

Mackenrodfs ligament. See Lig. 

transversum cervicis 
Macrophages, 116,117,168, 168 f 
Macula/ae, densa, 286 f, 287 f 
Magnetic resonance imaging (MRI), 
370 

- angiography, 188 

- male pelvis, 397 

- of cor, 107 

- axial, 107 

- coronal, 107 

- sagittal, 107 

- of female pelvis, 394, 395 

- steady state free precession (SSFP) 
sequence, 107 

Malleus/i, 24f 

Malpighian bodies. See Noduli 
lymphoidei splenici 
Malrotation of ansa umbilicalis 
intestini, 39 
Mamma/ae, 170f, 350f 
Mammals, body cavities, 3 f 
Mandibular arch. See Arcus 
pharyngeus primus 
Manubrium/ia, sterni, 71 f, 74f, 132f, 
134, 150f, 152f, 171f, 172f, 172t, 

173f, 177f, 186, 187, 187f, 189f, 
220 

Margo/gines 

-anterior, pulmonis, 128,136f, 137, 
137f 

- inferior 

-hepatis, 242, 243, 245, 245f 

- pulmonis, 136f, 137f, 151, 151 f 

- pulmonis dextri, 128 

- splenis, 255 f 

- lateralis, renis, 285, 285 f, 286 f, 
288f 

- liber, ovarii, 315f, 324f 

- medialis 

-glandulae suprarenalis, 290 f 

- renis, 285, 285f, 286 f, 288 f 

- scapulae, 171f, 350f 

- medius, scapulae, 170 f 

- mesovaricus, ovarii, 315 f, 324 f 

- superior 

- glandulae suprarenalis, 290 f 

- scapulae, 172t 

- splenis, 255f,359f,362f 
Maximum intensity projection (MIP) 

technique, 188 
McBurney incision, 353 
McBurney point, 231,231 f 
MeckeLs cartilage, 24f 
MeckeLs diverticulum, 39, 39 f, 39 1 
Mediastinal flutter, 151,151 f 
Mediastinal shift, 151,151 f 
Mediastinum/a, 26, 70-71,70, 82, 
84, 128, 130, 131,151, 154, 156f, 
157, 173 

- anterior view, 176 


-anterius, 70, 70f, 71 f, 83f, 89, 90, 
128f, 129, 133, 133f, 176, 177 f 

- contents of, 70 1 

- inferior view, 177 
-inferius, 70, 70f, 90,169, 179 

- lateral view, 177, 182, 183 

- medium, 70, 70 f, 71f, 87, 89, 126, 
128 f, 176, 179, 182 

- midsagittal section, 71,177 
-overview, 182-183 

- parasagittal section, 182,183 

- posterior view, 178, 179 
-posterius, 70, 70f, 71,71 f, 126, 

128f, 156, 182,185 

- anterior view, 184 

- posterior view, 179 
-topographical relations, 185 

- subdivisions of, 71 

-superius, 70, 70 f, 71 f, 80t, 83 f, 88, 
126, 156, 169, 176, 186-187 
-testis, 332, 333f, 339 
Medulla/ae 

- glandulae suprarenalis, 219t, 290, 
290f, 308, 436t 

- oblongata, 219 

- of gl. suprarenalis, 60 f, 65 

- ossium, 56 f 

-ovarii, 49, 53f, 324, 325, 325f 
-renalis, 12, 286, 286f, 287f 
-spinalis, 65, 76, 86, 127f, 187f, 
203t, 309, 366f, 379 f 
-thymi, 168, 168f 
Medusa head. See Caput medusae 
Meissner plexus. See Plexus 
submucosus internus 
Melanocyte-stimulating hormone 
(MSH). See Melanotropin 
Melanotropin, 63t 
Melatonin, 63t 
Membrana/ae 

-cloacalis, 30, 30f, 31,31 f, 36f, 

37, 37f, 38 1, 44, 44f. See also Pars 
analis membranae cloacalis 

- elastica 

- externa, 11f 

- interna, 11 f 

- obturatoria, 331 f, 396 f 
-oropharyngea, 5f, 30, 30f, 31,31 f 

- perinei, 295 f 

- pleuropericardiaca, 6, 6f, 26 

- pleuroperitoneales, 6, 6 f, If 
-suprapleuralis, 129, 129t, 186f 
-thyrohyoidea, 126 f, 158f 
-thyroidea, 87 f 

Menarche, 46 
Menopause, 46 

- changes in cervix uteri, 321 
Menstrual cycle, 317 

- follicular phase, 317f, 322 

- luteal phase, 317f 

- menstrual phase, 317 f 

- proliferative phase, 317f, 322, 395 

- secretory phase, 317 f 
Mesangial cells, 286 f 
Mesenchyma/ata, 32, 48, 52 f, 53 f 

- cardiogenicum, 14 

- intermedium, 4, 4 f, 41, 42 

- laminae lateralis, 14 

- of arcus pharyngeus, 24f 

- of lung root, 6 f 

- somatopleurale, 4, 4 f, 4t, 5, 5 f 


- splanchnopleurale, 4,4 f, 41, 5, 

5f, 14 

Mesenterium/a, 9, 9 f, 29 f, 30f, 

32, 37, 37f, 38t, 67f, 198f, 201, 
201f, 201 1, 212, 231,252f, 261 1, 
274, 314, 356 f, 359f, 360f, 362f, 
368. See also Mesoappendix; 
Mesocaecum; Mesocolon; 
Mesoduodenum; Mesogastrium; 
Mesorectum 

- dorsale, 7f, 32, 32 f, 33, 35t, 42f, 
48, 48 f, 49 f, 254, 359 

- overview, 358-359 

- proper, 358 

-ventrale, 7 f, 32, 32f, 33, 35t, 359 
Mesenteron/a, 30 f, 31,31 f, 36 

- defined, 30 

Mesoappendix/dices, vermiformis, 
32f, 229f, 230f, 231,231 f, 358, 
376 f 

Mesocaecum/a, 32 f 
Mesocardium/a, 14f 

- dorsale, 15, 15f 
Mesocolon/a, 228 

- ascendens, 32f, 37f 

- descendens, 32 f, 37f 

- sigmoideum, 32 f, 229, 229f, 232f, 
283f, 356 f, 358, 358f, 359, 359 f, 
374f, 376, 376 f, 378 f, 384 f, 386f, 
391 

-transversum, 9, 32f, 37,198f, 
200t, 201 f, 227, 227 f, 228 f, 229, 
229f, 252, 252 f, 353 1, 355, 355 f, 
356f, 358, 358 f, 359, 359f, 360 f, 
361 f, 368, 374f, 376, 376 f, 377, 
379 f 

Mesoderma/ata, 4, 4t, 6, 24f, 30f, 
32f, 42, 48, 59, 290 

- extraembryonicum, 5 f 

- intermediate, 4, 4 f, 41 

- intermedium, 42f, 43, 50 

- laminae lateralis, 4, 4f, 4 1, 5, 42f 

- of arcus pharyngeus, 24f 

- paraxiale, 4, 4f, 4t, 42f 

- parietal, 26, 26 f 

- prechordal, 4t 

- visceral, 24 f, 26, 26 f 
Mesoduodenum/a 

- dorsale, 32, 32 f 
-ventrale, 32, 32 f, 34 
Mesogastrium/a, 35, 352 

- dorsale, 32, 32 f, 33, 33t, 34, 34f, 
35, 35 f, 35 1, 37, 38t, 220, 354, 
364 

-ventrale, 32, 32f, 33, 33t, 34f, 35, 
35 f, 35 1, 381, 220 
Mesohepaticum/a 

- dorsale, 32f, 33, 33t, 34f, 35t 
-ventrale, 32f, 33, 33t, 34f, 35t 
Mesometrium/a, 314, 314f 
Mesonephros, 42, 42 f, 43f, 52f, 53 f 
Mesooesophagum, dorsalis, 6, 7, 7 f 
Mesorectum/a, 32 f, 241,241 f, 358, 

372, 372f, 373, 373f, 391,393f, 
396, 396f, 397, 397 f 
Mesosalpinx/ges, 314, 314f, 315, 

315f, 390f 

Mesosigmoideum/a. See Mesocolon 
sigmoideum 
Mesosplenicum/a 

- dorsale, 33, 33t, 35t 
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-ventrale, 33, 33t, 35t 
Mesovarium/a, 314, 324f 
Metanephros, 42, 42f, 43, 43f, 52 f, 
53 f 

Metaplasia, 321 
Metarteriole, 12 f 
Metastasis, 274 

- hepatic, 270 

- in pulmo, 153 

- pulmonary, 270 
Metenteron/a, 5f, 30f, 31,31 f, 36, 

36 f, 37, 37 f, 38 1, 44f, 48f, 52 f, 53 f 

- defined, 30 

Michaelis, rhombus of, 350f 
Microcirculation, 12 
Micrometastasis, 274 
Micturition, 196, 297 1 

- obstruction of, 330 
Midaxillary line, 109f 
Midclavicular line, 109f 

Middle layerof abdomen and pelvis, 
200 

Midgut. See Mesenteron 
Midpiece, oftail of spermatozoon, 
333,333 f 

Mineralocorticoids, 63t 
Mitochondrion/a, 116, 333 f 
Mitral valve. See Valva 
atrioventricularis sinistra 
Moderator band. See Trabecula 
septomarginalis 
Monocytes, 117f, 117 
Mons/ntes, pubis, 46t, 301 f, 31 Ot, 
350 f 

Morgagni, pouches of. See Sinus 
anales 

Morula, 326, 326 f 
Mouth. See Os/ora 
Mucin, 223, 225 
Mullerian duct. See Ductus 
paramesonephricus 
Multicavity injury, 173, 242, 353 
Musculus/li 

- adductor, 396f 

- arytenoideus 

- obliguus, 158 f 
-transversus, 158f 

- bulbospongiosus, 198f, 295f, 301 f, 
313f, 328 f, 373 f, 387, 387f, 397 f 

- canalis analis, 235 f 

- coccygeus, 74f, 196, 336f, 341 f 

- constrictor pharyngis, inferior, 

157f, 158f, 160f, 161f 

- corrugator, ani, 233 f, 235, 235 f 

- cremaster, 332 f, 333 1, 335 f 
-cricoarytenoideus, posterior, 158f 

- deltoideus, 170f 

- detrusor vesicae, 218t, 296, 296 f, 
297f, 297 1, 298, 299, 299 f 

- dilatator, urethrae, 296 f, 298, 298 f 

- dorsi, proprii, 196, 373 f 

- ejaculatorius, 298, 298 f 

- erector spinae, 73 f, 170 f, 1 97 f, 

350 f 

- gluteus, maximus, 74f, 394f 

- iliacus, 74f, 196,1 97f, 292f, 335f, 
381 f, 382f, 383f, 391 f 

- iliococcygeus, 197f 

- iliopsoas, 74f, 383f, 394 f 

- intercartilaginei, 150t 


- intercostales, 73 f, 87, 91 f, 150, 
173.182f.183f 

- externi, 150, 150t, 174f 

- interni, 74f, 150, 150t, 174f 
-intercostalis, intimus, 174f 

- interuretericus, 296 f 
-ischiocavernosus, 295 f, 301 f, 313f, 

319f, 387, 387f 

- laryngis, 24, 24f 

- latissimus, dorsi,, 73 f, 1 97f 

- levator ani, 196,197 f, 232, 232f, 
233 f, 234, 234f. 235, 235 f, 236, 
237 f, 239, 241,264, 264 f, 270f, 
294, 295, 295 f, 298, 299, 299 f, 

301 f, 313f, 318, 373 f, 384 f, 386, 
387, 387 f, 389f, 395 f, 396, 396 f 

- longus 

-capitis, 189,189f 
-colli, 189, 189f 

- obliguus 

- externus abdominis, 73 f, 174, 
174f, 196, 197 f, 220f, 225 f, 227f, 
252 f, 291 f, 354f, 355 f, 358 f, 359 f, 
363 f, 374 f, 376f, 377 f, 380 f 

- internus abdominis, 73 f, 174, 
174f, 196, 197f, 220f, 225 f, 227f, 
252 f, 291 f, 333t, 354f, 355f, 358f, 
359f, 363f, 374f, 376f, 377f, 380f 

- obturatorius, 299f 

- externus, 396 f 

- internus, 74f, 196, 232f, 295f, 

313f, 336f, 387f, 389f, 394f, 396f 

- papillares, 95, 95 f, 96, 97, 98, 99f, 
101, 108, 108f, 116 

- papillaris 

- anterior, 96f, 97f, 101 f, 114 f 

- necrosis, 101 

- posterior, 96f, 97f, 101 f, 104f, 

114f 

- septalis, 96f, 101 f, 114f 

- pectinati, 96, 96f, 97, 97 f 

- pectineus, 394f 

- pectoralis 

-major, 170 f, 174,350f 

- minor, 174 

- pharyngis, 158, 160 

- piriformis, 74f, 196, 1 97f, 336, 
337f, 337t, 341 f 

- psoas 

- major, 73f, 74f, 196,1 97f, 283 f, 
292f, 335 f, 379f, 381 f, 382f, 383f, 
391f 

- minor, 74f, 1 97f, 381 f 

- pubococcygeus, 197 f, 235 f 

- puborectalis, 1 97f, 233, 233 f, 234, 
234 f, 235, 235f, 236, 237 f, 239, 
241 

- pubovesicales, 295 f, 296, 296 f, 

2971, 298, 299, 299 f 

- guadratus, lumborum, 73 f, 74 f, 
196, 197f, 381 f 

- rectouterinus, 294f 

-rectus, abdominis, 73f, 174, 174f, 
196, 1 97f, 198f, 210, 227f, 354f, 
355f, 358f, 359f, 382f, 383f, 385f, 
391 f, 392f, 395f 

- scaleni, 150,150t 

- scalenus 

-anterior, 76f, 81 f, 91 f, 162f, 

163f, 166f, 176 f, 186f, 189f 
-medius, 81 f, 162f, 163f, 166f 


- posterior, 162f, 163f, 166f 

- serrati, posteriores, 150t 

- sphincter 

-ampullae hepatopancreaticae, 
251 f 

- ampulli, 251 

- ani, 238 

- externus, 232, 232f, 233, 233f, 

234, 234f, 235, 235 f, 236, 237f, 
239, 373 f, 384 f, 387, 395f 

- internus, 232f, 233, 234, 234f, 

235, 235f, 236, 236f, 237f, 239, 
241,373f 

-calicis, 289, 289f 

- ductus choledochi, 251 f 
-ductus pancreatici, 251 f 
-fornicis, 289, 289 f 
-pelvicis [sic], 289, 289 f 

- pylori, 222f, 224f 

- pyloricus, 221,221 f, 222 

- sphincter urethrae 

- externus, 295f, 296, 296f, 297 1, 
298, 298 f, 299, 299f, 300t, 301 f, 
387 

- internalis, 296 

- internus, 296, 296 f, 297, 297 1, 
298, 298f, 299f, 300t, 301 f 

- sphincteres, ani, 233, 241 
-sternocleidomastoideus, 170 f 

- subcostales, 150t 

- suspensorius, duodeni, 224f 
-trachealis, 135, 135f 
-transversus 

- abdominis, 73f, 74 f, 174f, 196, 

1 97f, 220 f, 225f, 227f, 252 f, 291 f, 
354f, 355f, 358f, 359f, 363f, 374f, 
376f,377f,380f,381f,383f 

- perinei profundus, 198f, 295, 
295f, 298, 300f, 301 f, 313f, 319, 
319f. 328, 328f. 329f, 373f, 387, 
387f. 395f. 397f 

-thoracis, 74f, 150t 
-trapezius, 170f 
-trigoni vesicae, 297 1 
-vesicoprostaticus, 296, 296 f 
-vesicovaginalis, 296 
Mydriasis, 127 
Myocardium, 14 
-aneurysm, 116 

- infarction, 116. See also Acute 
myocardial infarction 

- ischemia, 116 

- necrosis, 116 

- subendocardial layer, 116 
Myocardium/a, 93t, 108,123 f, 124, 

124f, 127, 127f 

- cross section, 95 

- deep layer, 94, 94 f 

- middle layer, 94, 95 f 

- subendocardial layer, 94 

- subepicardial layer, 94 

- superficial layer, 94, 94 f, 95 f 
-vasa lymphatica, 124 
Myoid cells, 168, 168f 
Myoma, 316 

Myometrium/a, 316, 316 f, 316 1, 

317 f, 318f, 320f, 326f, 395, 395 f. 
See also Tunica muscularis uteri 
Myotomus/i, 4 


N 

Nabothian cyst, 321,321 f 
Naris/res, 22, 22 f 

Neck, oftail of spermatozoon, 333, 
333f 

Neck cells, 223,223 f 
Necrozoospermia, 334t 
Neoendothelium, 117,117f 
Neoplasia, 240 
Nephronum/na, 40, 44f, 287 

- development of, 44 
Nephrotomus/i, 42 
Nerve 

- in thorax, 87 

- of arcus pharyngeus, 24f 
Nerve fiber. See Neurofibra 
Nervous system. See also Systema 

nervosum 

- autonomic. See Autonomic 
nervous system 

- enteric. See Plexus entericus 

- innervation of cor, 126-127 

- innervation of oesophagus, 
166-167 

Nervus/i, 67 f, 374 

- autonomici, 29 

- cardiaci, cervicales, 86 f, 126,127, 
127f,400f,402f 

- cardiacus, 70t 

- cavernosi, penis, 346 f, 347 

- cranialis, 24, 64, 219 

- cutaneus 
-femoralis, 383f 
-femoris, 283 f 

-femoris lateralis, 378 f, 381 f 

- dorsalis 

-clitoridis, 232 f, 319 f 

- penis, 300 f, 346 f 
-femoralis, 378f, 381 f, 394 f, 396 f 
-genitofemoralis, 283 f, 291 f, 378 f, 

381f,383f 

- hypogastricus, 216 f, 241,281 f, 

308 f, 346, 346 f, 348 f, 349 f, 373, 
392 f 

- iliohypogastricus, 283 f, 291 f, 378f, 
381,381f 

- ilioinguinalis, 283 f, 291 f, 335f, 
378f, 381,381 f, 392f 

- intercostalis, 76, 76 f, 86, 87, 87 f, 
91 f, 126 f, 131,131f, 133 f, 174 f, 

182f, 183f, 405f 

- ischiadicus, 237 f, 320, 394f, 396 f 

- laryngeus 

- recurrens, 70 1, 86 f, 87, 87 f, 126f, 
148, 148f, 158f, 166f, 167, 167f, 

176 f, 181 f, 183f, 184f, 186f, 189f, 

400f,401f,404f 

-superior, 86f, 126f, 148f, 158f 

- levator, 236, 237 f 

- lumbales, 346f, 348f 

- obturatorius, 336f, 346f, 348f, 
382f, 383f 

- phrenici, 6, 6f, 7, 70, 70t, 75t, 76, 
77, 77f, 86, 87, 87 f, 88 f, 89 f, 90f, 
91,124, 126, 126/, 131.131f, 

133f, 169f, 175, 175f, 176. 176f, 

180f, 181 f, 182, 182f. 183, 183f. 

184f, 185 f, 186f. 187 f, 237f, 276, 
403f 

- phrenicus, 126 
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- accessorius, 76, 405f 

- components, 91 
-dexter, 76f,77f,91f, 172t 

- distributiori, 91 

- sinister, 76f,77f, 91 f, 172t 

- pudendus, 232f, 234, 236, 236f, 
237f, 297 1, 336f, 346f, 348f, 387f, 
396f 

- rectalis, inferior, 236, 236f, 346f 

- sacralis, 216f, 308f, 348f 

- scrotales, posteriores, 346f 

- spinalis, 65, 65f, 66, 66f, 372f, 373 

- splanchnici, 276 

- pelvici, 64f, 216f, 217, 219, 219f, 
234, 236, 236f, 237f, 241,278, 
278f, 280f, 281,308, 308f, 309, 
309f, 346, 346f, 347f, 347t, 348, 
348f, 349, 349f, 349t, 372f, 373, 
373f, 391,393f, 411 f, 412f, 413f, 
414f, 415f, 416f, 417f 

- sacrales, 218f, 236f, 278, 278f, 
280f, 281,308, 309, 309f, 346, 

347 1 

- splanchnicus 

- imus, 218, 278f, 280f, 308, 309f, 
346, 347f, 3471, 348, 349, 349f, 
349t, 413f, 416f, 41 7f 

- lumbalis, 218, 218f,236f, 278, 
278f,280f, 281,308,309, 309f, 
346, 346f, 347f, 347t, 348, 348f, 
349, 349f, 349t, 411 f, 412f, 414f, 
415f, 416f 

- major, 64f, 77 f, 86, 86f, 87f, 

148f, 178f, 182f,216f, 218,276, 
276f, 278f, 279f, 280f, 290, 308, 
308f, 406f, 407f, 408f, 409f, 41 Of, 
411 f, 413f, 416f, 417f 
-minor, 86, 86f, 216f, 218, 276, 
278f, 279f, 280f, 290, 308, 308f, 
309f, 346, 347f, 347t, 348, 349, 
349f, 349t, 406f, 407f, 408f, 409f, 
41 Of, 411 f, 413f, 416f, 41 7f 
-thoracicus, 218f, 309 

- subclavius, 76, 405f 

- subcostalis, 76, 87, 291 f, 378f, 

381,381 f, 405f 

-thoracicus, 237f 
-vagus, 24, 64, 64f, 65f, 66f, 70, 
70t, 86, 86f, 87, 87f, 88f, 89f, 124, 
126, 126f, 127, 127f, 130f, 148, 
148f, 166, 166f, 167, 167f, 169f, 

176f, 178f, 180f, 181 f, 182, 182f, 
183,183f, 184, 184f, 186f, 187f, 
189f, 216, 219, 219f, 237f, 276, 
400f, 402f, 406f 

- dexter, 40If, 404f 

- sinister, 401 f, 404f 
Neurectoderma/ata, 4 
Neuroendocrine transducers, 63 
Neurofibra/ae 

- afferens, 64, 65 

- efferens, 64 
Neurohypophysis, 63, 63 f 
Neuron 

- afferent, 64 

- autonomic 
-gut tube, 30 f 
-trachea and bronchi, 24f 

- efferent, 64 

- intramural, 65 f 

- postganglionic, 64, 65f 


- preganglionic, 64, 65 f 
Neurosecretion, 60, 63 
Neurotransmitter, 60 
Neurulation, 4 

Nipple-areola complex, 170f, 350f 
Nociceptive fibers, 66 
Nodi lymphoidei, 10f, 56, 56f, 57f, 
82,83,248,391 

- abdomen and pelvis, 212-213 

- abdominal, 59 

- abdominales, 76 

- abdominis, 84 

- aggregati, 56 f 

-aorticus, lateralis, 212f, 214f, 215f, 
306, 306f, 307f, 344f, 345f 

- appendiculares, 214f, 41 Of 

- axillares, 56f 

- brachiocephalicus, 71 f, 83f, 84f, 

124, 124f, 177f, 182f, 400f, 402f 

- bronchiales, 161 

- bronchopulmonales, 83f, 84, 85f, 

125, 125f, 148, 148f, 149, 149f, 
404f 

- cavalis, lateralis, 212f, 215f, 306, 
306f, 345f, 392f 

- cervicales, 56f 

- laterales profundi, 148f 

- profundi, 401 f 

- classification of, 59 

- coeliaci, 84f, 164, 212f, 213f, 213t, 
214, 214f, 273, 272f, 273f, 274f, 
379f,401f,406f,407f,408f 

- colici 

-dextri, 214f, 275, 275f, 41 Of 
-medii, 214f, 275, 275f,410f 
-colicus, sinister, 214f, 275, 275f, 

41 If 

- collecting, 59,213,214,215 

- cysticus, 406f 

- development, 59 

- epicolici, 275f 

- epigastrici, 215 
-foraminalis, 214f, 273, 406f 
-functions, 57 

-gastrici, dextri, 214f, 273, 407f 
-gastricus, sinister, 214f, 273, 272f, 
273f, 401 f, 407f 

- gastroomentales 

-dextri, 214f, 273, 272f,407f 

- sinistri, 214f, 273, 272f, 407f 

- gluteus 

- inferior, 215f 

- superior, 215f 

- hepatici, 214f, 272f, 273, 273f, 
406f 

- hilar, 85 

-ileocolici, 214f, 274f, 275f, 41 Of 

- iliaci, 59, 212, 213, 213t, 344, 345 

- communes, 59t, 212f, 213f, 215, 
215f, 306, 306f, 307f, 344f, 345f, 
412f, 414f, 416f 

-externi, 59t, 212f, 215f, 306, 
306f, 307f, 344, 344f, 345, 345f, 
392f,412f,416f 
-interni, 59t, 212f, 215f, 275, 

275f, 306, 306f, 307, 307f, 344, 
345, 345f, 412f, 414f, 416f 

- in Central mediastinum, 84, 84f 

- in chest wall, 84, 84f 

- in omentum majus, 354 


- in pulmones and bronchi, 84, 84f, 
85 

- inguinales, 56f, 212, 345 

- inguinalis 

- horizontal tract, 307f, 344f, 345, 
345f 

- profundus, 212f, 215f, 307, 307f, 
344, 344f, 345, 345f 

- vertical tract, 307f, 344f, 345, 
345f 

-intercostales, 149,149f 

- interiliacus, 215f 

- intrapulmonales, 83f, 84, 148, 
148f, 149, 149f,404f 

-juxtaintestinales, 214f, 274, 274f 
-juxtaoesophageales, 83, 83f, 85f, 
164, 164f, 165, 165f,401f 

- lacunares 

- laterales, 215f 

- mediales, 215f 

- lacunaris, intermedius, 212f, 215f, 
345f 

- ligamenti arteriosi, 124f 
-lumbales, 59, 213, 213f, 213t, 

215,306, 307,344, 345,366f, 

417f 

- dextri, 59t, 215, 215f, 306, 344f, 
412f, 414f, 416f 

- intermedii, 59t, 212f, 215f, 306, 
306f, 344f, 345f, 366f, 412f, 414f, 
416f 

-sinistri, 59t, 214, 214f, 215, 

215f, 275, 306, 344f, 41 If, 412f, 

413f, 414f, 415f, 416f 

- lumbalis, lateralis, 366f 

- mediastinal, 83 

- mesenterici, 56f 

- inferiores, 213f, 213t, 214, 214f, 

274, 275, 275f, 307f, 411 f, 412f 

- intermedii, 274f 
-juxtaintestinales, 409f 
-superiores, 212f, 213f, 213t, 

214, 214f, 273, 273f, 274, 274f, 

275, 275f, 307f, 408f, 409f, 41 Of 

- mesocolici, 214f, 275, 275f 

- obturatorius, 215f, 345f 

- of diaphragma, 76 

- of female genitalia, 345 

- of intestinum tenue, 274 

- of male genitalia, 344 

-oftrachea, bronchi, and pulmones, 
148 

- pancreatici 

- inferiores, 214f, 408f 
-superiores, 214f, 408f 

- pancreaticoduodenales, 273f 

- pancreaticoduodenalis, superior, 
214f, 273, 408f 

- pancreaticus, 272f, 273, 273f 

- paracolici, 275, 275f 

- paramammarii, 83, 83f 

- pararectales, 215, 215f, 412f 

- parasternales, 83, 83f, 149, 149f, 
403f 

- paratracheales, 83f, 84f, 148, 148f, 
149, 149f, 164, 165f,404f 

- parauterinus, 215, 215f, 345, 416f 

- paravaginalis, 215f, 345 

- paravesicales, 307 

- parietales, 59, 212, 215, 307, 344, 
345 


- pelvis, 59t, 307 

- pericardiaci, laterales, 83f, 124, 

124f, 183f,403f 

- phrenici, 215 

- inferiores, 59t, 76,149,149f, 

164, 165, 165f, 212f,215f,273, 
273f, 306f, 404f, 405f 
-superiores, 71f, 76, 83f, 84f, 124, 
124f, 149, 164, 177f, 183f, 273, 
273f, 404f, 405f 

- preaorticus, 212f, 214f, 215f, 306, 
306f, 307f, 344f, 345f, 366f 

- precaecalis, 214f, 275f, 41 Of 

- precavalis, 215f, 306, 306f, 307f 

- prepericardiaci, 83f, 84f, 124, 
124f,403f 

- prevertebrales, 83, 84f 

- prevesicales, 215f, 307, 414f 

- primary, 59 

- profundus, cervicalis, 164 

- promontorii, 215f, 306f, 344f, 

345f 

- pylorici, 214f, 273, 273f, 407f 

- rectalis, superior, 214f, 275, 275f, 
41 If, 412f 

-regionales, 212,213,214, 215, 
241,273,274, 275 

- retroaorticus, 212f, 215f, 306, 

306f 

- retrocaecales, 214f, 41 Of 

- retrocavalis, 212f, 215f, 306, 306f 

- retropylorici, 214f, 273, 273f 

- retrovesicalis, 215f, 307, 414f 

- sacrales, 212f, 215f, 307f, 344, 
344f, 345, 345f, 412f 

- secondary, 59 

- sigmoideus, 214f, 275, 275f, 41 If 
-splenicus, 214f, 273, 272f, 273f, 

406f, 407f 

- subaortici, 215f 
-subpylorici, 214f, 272f, 273, 273f 
-suprapyloricus, 214f, 272f, 273, 

273f 

- tertiary, 59 
-thoracici, 76, 84-85 
-thoracis, 84,164 
-tracheobronchiales, 71f, 83f, 84f, 

85f, 148f, 149, 149f, 177f,402f 
-inferiores, 125,125f, 148, 148f, 
149 f, 165, 165f,404f 
-superiores, 148,148f, 404f 
-vesicales, laterales, 215f, 307, 414f 

- visceral pelvic, 215f 
-viscerales, 59, 212, 214, 215, 307, 

345 

Nodose ganglion. See Ganglion 
inferius nervi vagi 
Nodule, in pulmo, 153f 
Nodulus/i 

- lymphoidei 

-aggregati, 56f, 226, 226f, 231, 
231f 

- splenici, 255 

- valvulae semilunaris, 100,10Of 
Nodus/i 

-atrioventricularis, 108,108f, 114, 
114t, 127, 127f,402f 

- primitivus, 4f, 14f 

- sinuatrialis, 108,108f, 114,114t, 
127, 127f,402f 

-vesicae, 296f 
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Norepinephrine, 63, 63t, 65, 65 f, 

290 

Normospermia, 334t 
Normozoospermia, 334t 
Nose, 22 
Nostril. See Naris 
Notochorda/ae, 4, 4 f, At 
Nucleus/i 

- ambiguus, 167 

- parasympathetic, 64 f 

- posterior, nervi vagi, 127,127f, 
167, 167f, 219, 219f 

o 

Obturator line, 307 
Odor perception, 22 
Oesophagus/gi, 6, 6 f, 7 f, 24, 25, 25 f, 
27, 27f, 28, 28f, 29, 31,31 f, 32, 
33f,67f,70, 70f, 70t, 71,73, 75, 

75 f, 77 f, 78f, 78t, 79, 83, 83f, 84, 
84f, 85f, 86, 89, 89f, 104, 104f, 

1 07 f, 128f, 130f, 133f, 145f, 157, 

159f, 160f, 165f, 167, 172t, 173, 
177, 178, 178f, 179, 179f, 181, 

181 f, 182,183,183f, 184, 184f, 
185,185f, 187f, 188, 188f, 189f, 

198f, 201 f, 202, 202f, 206, 206 f, 
212f, 216,220, 220f, 221,221f, 
225f, 249f, 254f, 283, 283f, 291 f, 
292, 302, 308, 364f, 374, 378f, 
380f. See o/so Pars abdominalis 
oesophagi; Pars cervicalis 
oesophagi; Pars thoracica 
oesophagi 

- anterior view, 156 
-arterial supply, 162t 

- arteries and veins, 162-163 

- closure, 159 

- constrictions and curves, 156 

- divisions, 156 

- endoscopic view, 161 

- fact sheet, 426 

- inlet, 71 f, 158 

- inlet, outlet, opening, closure, 
158-159 

- innervation, 166-167 

- lateral view, 156 

- lymphatic drainage, 164-165 

- midsagittal section, 158 

- musculature of, 158 

- neurovascular supply, 401 

- nodi lymphoidei, 165 

- outlet, 159 

- peristalsis and antiperistalsis, 160 

- posterior view, 157,158,160 

- projection onto skeleton thoracis, 
156 

- radiographic view, 161 

- referred pain, 166 

- sympathetic and parasympathetic 
effects, 166t 

- topographical relations, 157 

- venous drainage, 162 1 ,163 
-wall structure, 160 

- weak points, 161 
Oligozoospermia, 334t 
Omentum/a 

- majus, 33t, 34f, 35, 35 f, 35 1, 37, 

37f, 38t, 198f, 201 f, 220, 220f, 

227 f, 228, 228 f, 229f, 243f, 254, 


256, 256 f, 266, 266 f, 273, 275, 
277, 284f, 354f, 355, 355f, 356 f, 
357f, 358, 359f, 360 f, 361 f, 362f, 
363f, 364, 364f, 366f, 368 

- minus, 33t, 34, 34f, 35 f, 38 1, 198f, 
220, 220f, 243, 243f, 245, 254f, 
256, 256f, 356, 356f, 359, 359f, 
360, 360f, 362, 362f, 363 

Omphalocele, 39t 
Oocytes, 46, 324, 325 f 
Oogonium/a, 49 
Opened up aortic arch view. See 
Chest radiograph, obligue, left 
anterior 

Oral, defined, 28 
Organ 

- defined, 2 

- internal. See Internal organ 
Organ system 

- defined, 2 

- overview, 3 
Organism, defined, 2 
Organogenesis, 4-5 
Organum/a 

- lymphoidea, 56 

- primaria, 56 

- secundaria, 56 

- lymphoideum, development, 59 
Os/ora, 28 

Os/ossa 

- coccygis, 265 f, 327f, 394 f 
-coxae, 8, 295f,318f 

- femoris, 396 f 

- hyoideum, 24, 24f, 87f, 126 f, 158 f. 
See o/so Cornu majus ossis hyoidei; 
Cornu minus ossis hyoidei; Corpus 
ossis hyoidei 

- ilium, 232f, 282 f, 313 f, 371 f, 388 f 

- ischii, 232 f 

- pubis, 1 97f, 232f, 235, 294f, 295f, 
301,301 f, 319 f, 327f, 343f, 388f, 
394 f 

-sacrum, 72 f, 197f, 199, 232 f, 241 f, 
351f, 369, 371 f, 386, 388, 388f, 
397 f 
Ostium/a 

- abdominale, tubae uterinae, 50f, 

51,314f, 315, 31 5f, 324 

- anatomicum, uteri, 315, 315 f 

- aortae, 98 

- appendicis vermiformis, 230, 230 f 

- atrioventriculare 

- dextrum, 96 f, 111 

- sinistrum, 97,111 

- cardiacum, 156, 165, 221,359f, 
362 f, 363 f, 374, 374 f, 376 f 

- caudale, enteri, 30, 31 

- ileale, 226, 226f, 230, 230 f 

- pyloricum, 29, 221,221 f, 224, 
224f, 226, 226 f 

- rostrale, enteri, 30, 31 

- sinus coronarii, 96, 96 f, 108 
-trunci pulmonalis, 98 

- ureteris, 295f, 296 f, 297, 297 f, 

2971, 311f, 394 

- urethrae 

- externum, 295f, 300, 300f, 300t, 
301,301f, 307, 319f 

- internum, 295 f, 296, 297, 297 f, 
2971, 298, 298 f, 300 f, 300 1, 301 f, 
307,328,330 


- uteri, 313f, 315, 315f, 316 f, 319f, 
320,320f,321,323f,389f 

- uterinum, tubae uterinae, 315, 

315f, 316 

-vaginae, 301 f, 313f, 319 f 

- venae cavae inferioris, 96 f 

- venae cavae superioris, 108 
-venarum, 94 
-venarum cavarum, 96 
-venarum pulmonalium, 97 
Outflow tract. See o/so Tractus 

effluxionis 

- semilunar valves of, 100 
-ventriculi dextri, 96, 103f, 105, 

107,111,120, 

- ventriculi sinistri, 97,106f, 107, 

111 

Ovarian arcade, 342 
Ovarium/ia, 46t, 47, 48, 50 f, 51,51 f, 
53f, 54t, 55 f, 60 f, 63 1, 200 1, 207, 

215, 215f, 283f, 294f, 31 Ot, 311f, 

312, 312f, 313f, 314, 314f, 315f, 
324-325, 324f, 325f, 326 f, 340, 
340f, 342, 342f, 343f, 345, 345f, 
348, 349f, 378f, 385, 385f, 389f, 
390, 390f, 395 f 

- autonomic innervation, 349 

- development, 49 

- fact sheet, 447 

- neurovascular supply, 417 
Ovulation, 317f, 325 
Ovum/va, 49 f. See also Oocyte 
Oxygen, 22 

Oxytocin, 63, 63t, 316 

P 

P wave, 109 f, 109t 
PA. See Chest radiograph, 
posteroanterior 

Pacemaker. See Nodus sinuatrialis 
Pain 

- afferent fibers, 66 

- ascending pathway, 66 f 

- back, 320 

- diaphragma, 76 

- diseases of ovarium, 348 

- diseases of pancreas, 252 

- diseases of ren, 309 

- diseases of testis, 347f 

- diseases of vesica urinaria, 309 

- n. ischiadicus, 320 

- referred, 67, 166, 276, 278, 309, 
347f, 348, 381 

- somatic, 67 

- visceral, 67 

PALS. See Vagina lymphoidea 
periarteriolaris 

Pancreas/ata, 2 f, 28, 28 f, 29, 29f, 

30, 31,31 f, 35t, 36f, 37f, 200, 

200f, 200t, 201 f, 203t, 205t, 207, 
208f, 209, 214, 214f, 219, 220, 
220 f, 242 f, 243f, 244f, 252-253, 
252 f, 254f, 256 f, 259, 266f, 267, 
269, 273f, 276f, 291,353f, 360, 
360f, 361 f, 362, 362 f, 363, 363f, 
364f, 367 f, 374, 377, 380, 380f 

- annular, 39t 

- anterior view, 252, 253 

- anular, 225 

-arterial supply, 258, 259, 260-261 


- autonomic innervation, 64 f, 276 

- divisum, 251,253 

- endocrine, 253 

- exocrine, 253, 253 f 
-fact sheet, 434 

- histological structure, 253 

- in situ, 252 

- lymphatic drainage, 273 

- neurovascular supply, 408 

- parasympathetic effects, 219t 

- parenchyma of, 30 f 

- projection on columna vertebralis, 
252 

- projection onto skeleton, 365 

- stroma of, 30 f 

- sympathetic and parasympathetic 
effects, 65t 

- sympathetic effects, 218t 
-topography, 363, 365 

- variants, 251 
-venous drainage, 208 
Pancreatic arcade, 259 
Pancreatic juice, 224, 253 
Pancreatic polypeptide, 63t, 253 
Pancreatitis, 250, 251 

Pap smear. See Cytologic smear; 

Papanicolaou staining 
Papanicolaou staining, 322 
Papilla/ae 

- duodeni 

- major, 224, 224f, 248, 249, 249f, 
250, 250f, 251,253 

- minor, 224, 224f, 250, 250 f, 
251,253 

-ilealis, 230, 230 f 

- mammaria, 170 f, 350 f 

- of Vater. See Papilla duodeni major 

- renalis, 43, 286 f, 287, 287f, 288, 
288f, 289, 289 f 

Parabronchial diverticulum, 161, 

161 f 

Paracervix/ces, 314t 
Paracolpium/a, 313 f, 387 f, 389 f 
Paracrine secretion, 60 
Paracystium/a, ,386 f. See also 
Plexus venosus vesicalis 
Paradidymis, 50t, 54t 
Parahiatal diverticulum, 161 
Parametrium/a, 314t, 320, 385, 
386f, 388, 389f, 390 
Paraproctium/a, 386f 
Parasympathetic nervous system. 
See also Pars parasympathica 
systematis nervosi 

- effects on organs, 65 

- pain fibers, 66 

- synopsis, 65 
Parathyroid hormone, 63t 
Paries/etes 

- anterior 

- gasteris, 221,222, 276, 366f 
-vaginae, 311,315f, 319, 319f 

- externus, capsulae glomerularis, 
286 f 

- internus, capsulae glomerularis, 
286 f 

-membranaceus, 135,135f 
-tracheae, 134, 158 f 
-trachealis, 134f 

- posterior 

-gasteris, 257, 276, 361 f,366f 
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-vaginae, 313f, 314f, 319, 319f 
Parietal branches, arteriae iliacae 
internae, 337 1 
Parietal cells, 223, 223 f, 277 
Parietocolic gutter, 356f 
Paroophoron/ra, 49, 50t, 54t 
Pars/rtes 

- abdominalis 

- aortae, 377f, 378 f. See also Aorta 
abdominalis 

- oesophagi, 28, 29 f, 156, 156 f, 
161 f, 162 f, 162 1, 163,163 f, 164, 

166f, 167f, 401 f 

- ureteris, 292, 292 f, 293 f, 306, 
306f, 308, 309, 309f 

- analis, membranae cloacalis, 37, 

37f, 38t, 39, 39 f, 44, 44f 

- anterior, fornicis vaginae, 316f, 

318f, 319, 319f, 395f 

- ascendens 

- aortae, 88f, 92 f, 96 f, 100, 100 f, 
111, 111f, 129, 180f. See also 
Aorta ascendens 

-duodeni, 31f,32f, 224, 224f, 

225 f, 249 f, 252f, 253 f, 363f, 374f, 
376 f, 377f, 380 f 

- autonomica, systematis nervosi, 

, 216-219. See also Autonomic 
nervous system 

-cardiaca, gasteris, 75, 220f, 221 f, 
222f 

- cervicalis 

- medullae spinalis, 64 
-oesophagi, 28, 29f, 71 f,87f, 

130f, 156, 1 56f, 157f, 162f, 162t, 
163f, 164, 166f, 167, 167f, 177f, 
401 f 

- pleurae parietalis, 131 1, 185f 
-tracheae, 71 f, 129, 129 f, 131 f, 
134, 134f, 148, 177f, 185f 

- convoluta 

-tubuli metanephrici distalis, 287 
-tubuli metanephrici proximalis, 
286f, 287 

- costalis 

- diaphragmatis, 72 f, 73 f, 74, 74f, 
75 1, 76 f, 77f, 81 f, 133 f, 197 f, 366 f 

- pleurae parietalis, 77 f, 88 f, 129 f, 
130 f, 131,1311,133, 133f, 166f, 

174f, 175f 

-cranialis, partis parasympathicae 
systematis nervosi, 64f, 66, 219, 
278,281 

-cricopharyngea, musculi 
constrictoris pharyngis inferioris, 

160f 

- descendens 

- aortae, 70f, 104,128f, 166 f, 183, 
183 f. See also Aorta descendens 
-duodeni, 31f,32f, 220, 224, 

224f, 225, 225 f, 249, 249f, 250f, 
252f, 253, 253f, 284f, 361 f, 363, 
363f, 376f, 377f, 379f, 380f 

-diaphragmatica, pleurae parietalis, 
76, 76f, 77, 77f, 88f, 91f, 129f, 
130f, 131,131f, 1311, 133,133f, 

159 f, 166f, 169f, 174 f, 175f, 176 f, 

180f, 185f 

-distalis, partis prostaticae 
urethrae, 329 

- enterica, systematis nervosi, 28 


- hepatis 

- dextrae, 246, 246t 

- sinistrae, 246, 246t 

- horizontalis, duodeni, 31 f, 32 f, 

198 f, 224, 261 f, 359f, 362 f, 363f, 
374f, 376 f, 380 f 

- inferior, duodeni, 225 f, 250 f, 

252f, 253 f, 377f. See also Pars 
horizontalis duodeni 

- infracolica 

- dextra, 356f 

- sinistra, 356f 

- infrapiriformis, foraminis ischiadici 
majoris, 337f, 337 1 

- inguinalis, ductus deferentis, 334f 
-intersegmentalis, 142 

- intramuralis 

- ureteris, 292, 293 f, 297 

- urethrae, 300, 300f, 300t 
-intrasegmentales, 142 

- laryngea, pharyngis, 28, 29, 29 f 

- lateralis, fornicis vaginae, 315 f 

- leves, atriorum, 17,17t 

- lumbalis 

- diaphragmatis, 72 f, 73f, 74, 74f, 
75, 75f, 75t, 1 97f, 381 f 

- medullae spinalis, 64 

- mediastinalis 

- pleurae, 90 

- pleurae parietalis, 76, 76f, 77 f, 
88 f, 89 f, 90 f, 91 f, 124, 1 29f, 130f, 
131,131f, 1311, 133,133f, 159f, 

166f, 169f, 175, 175 f, 176 f, 177 f, 

178f, 180f, 181 f, 184f, 185f, 186f 

- membranacea, 300 f 

-of septum interventriculare, 19, 
21 

- septi interventricularis, 97, 99, 
101f, 108 

- urethrae, 295f, 300f, 300t, 301 f, 
329f, 387 f 

- muscularis 

-of septum interventriculare, 19, 
21 

- septi interventricularis, 97,101 f 

- nasalis, pharyngis, 22 

- occlusa, arteriae umbilicalis, 20 f, 
294f, 336f, 342f, 343f, 382, 390f 

- oralis, pharyngis, 28, 29 f 

- parasympathicae, systematis 
nervosi,, 64, 64f, 65f, 67, 86, 

86f, 127, 148, 166t, 167, 217, 

219, 219f, 251,276. See also 
Parasympathetic nervous system 

- patens, arteriae umbilicalis, 292 f, 
336f,341f,342f,382,390f 

- pelvica 

- ductus deferentis, 334 f 

- partis parasympathicae 
systematis nervosi, 64 f 

- ureteris, 292, 292f, 293 f, 306, 
306f, 308, 309, 309 f 

- pendulans, penis, 301 f 

- posterior, fornicis vaginae, 316 f, 

318f, 319, 319f, 395f 

- profunda, musculi sphincteris ani 
externi, 233 f, 235, 235f, 236 f 

- prostatica, urethrae, 234 f, 295 f, 
297f, 298f, 299 f, 300, 300f, 300t, 
329, 329 f, 396 f 


- proximalis, partis prostaticae 
urethrae, 329 

- pylorica, gasteris, 221,359f, 362 f, 
366 f 

- recta 

-tubuli metanephrici distalis, 

286f, 287 

-tubuli metanephrici proximalis, 
287 

-sacralis, partis parasympathicae 
systematis nervosi, 219, 281 

- scrotalis, ductus deferentis, 334f 
-spongiosa, urethrae, 295 f, 296f, 

298f, 300, 300f, 300t, 328 f, 329f 

- sternalis, diaphragmatis, 72 f, 73f, 
74, 74f, 75t, 197 f 

-subcutanea, musculi sphincteris 
ani externi, 233 f, 235, 235 f, 236 f 
-superficialis, musculi sphincteris 
ani externi, 233 f, 235, 235 f, 236 f 

- superior, duodeni, 31,31 f, 32, 32f, 
222 f, 224, 224f, 225, 225f, 250f, 
252 f, 253 f, 273, 353t, 359 f, 362f, 
363, 363f, 374f, 376 f, 377f, 380 f 

- suprapiriformis, foraminis 
ischiadici majoris, 337 f, 3371 

- supravaginalis, cervicis, 320 

- sympathica, systematis nervosi, 

64, 64 f, 65 f, 67, 70, 86, 86f, 127, 
131,148, 166t, 167,217,218, 

218f, 276. See also Sympathetic 
nervous system 

-terminalis, ilei, 229, 229 f, 230, 

230 f, 249 1 
-thoracica 

- aortae, 184. See also Aorta 
thoracica 

- medullae spinalis, 64 
-oesophagi, 28, 29 f, 71 f, 87f, 129, 
129f, 130f, 131f, 156, 156f, 161f, 
162f, 162t, 163, 163f, 164, 166f, 

167f, 177f, 185f, 401 f 
-tracheae, 71 f, 134,134f, 156f 
-thyropharyngea, musculi 
constrictoris pharyngis inferioris, 

160f 

- trabeculatae, atriorum, 17 

- uterina, tubae uterinae, 315 
-vaginalis, cervicis, 320 
-vertebralis, faciei costalis 

pulmonis, 137, 137f 
Parturition. See Childbirth 
PAS. See Periodic acid-Schiff stain 
Patent ductus arteriosus (PDA), 21 
Patent foramen ovale (PFO), 18 

- probe, 21 

PDA. See R. interventricularis 
posterior 
Pedunculus/i 

- connectans, 5, 5 f 

- sacci vitellini, 5, 7 

Pelvic inlet plane, transverse 
diameter, 327f, 327 1 
Pelvic outlet plane, AP diameter, 

327 f, 3271 

Pelvis/ves, 203t, 205t, 207, 334t 

- anterior view, 202, 307, 308, 313 

- arteries supplying, 203, 205, 
336-337 

- autonomic innervation, 216-219 

- connective tissue space of, 9 


- continence organ, 234-237 

- disorders of canalis analis, 

238-239 

-female, 388-392 

- cross-sectional anatomy, 
394-395 

-in situ, 389, 390-391 

- midsagittal section, 395 

- MRI, 394 

- superior view, 391 
-female organs 

- arterial supply, 341 

- venous drainage, 341 

- intraperitoneal and extraperitoneal 
organs, 201 

- levels, 387 

- location of vagina in, 319 

- lymphatic drainage, 212 

- male 

- cross-sectional anatomy, 
396-397 

- in situ, 391-392 
-MRI, 397 

- sagittal section, 336, 397 

- transverse section, 396 

- male organs 

- arterial supply, 338 
-venous drainage, 338 

- midsagittal section, 41,312,319, 
327,373 

- minor, 41,47, 49, 51,55, 200t, 
229, 295,324,383,388 

- anterosuperior view, 385 

- peritoneal relationships, 

383-384 

- relation of abdominal organs 
to, 200 

- relation of pelvic organs to, 200 

- subdivision, 386 

- nodi lymphoidei, 212-213 

- obstetric dimensions, 327 

- overview of neurovascular 
structures, 202-219 

- pars parasympathica systematis 
nervosi, 219 

- pars sympathica systematis 
nervosi, 218 

- perirectal area, 372 

- posterior view, 270 

- projection of female internal 
genitalia on, 312 

- renalis, 40, 40f, 43, 43 f, 45, 52 f, 

53f, 54t, 283, 285, 285 f, 286, 

286f, 287, 288, 288f, 289, 289 f, 
292, 302, 304f, 330 

- closure of, 289 

- development, 42-43 
-typus ampullaris, 288 
-typus dendriticus, 288 

- sagittal section, 328 

- superior view, 294, 343 

- suspensory apparatus of uterus, 
388-389 

- sympathetic effects, 218t 

- topography of connective tissue, 
386-387 

-transverse section, 372 
-trunci lymphatici, 212-213 
-venous drainage, 270-271 
-wall, 196-197 
-anterior, 212 
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- arterial pathways, 337 

- neurovascular tracts, 337 

- posterior, 212 
-venous drainage, 208 

Penis/nes, 41,46t, 300f, 310t, 311 f, 
334f, 344, 344f, 346, 350f 

- autonomic innervation, 347 

- location of urethra in, 300 

- lymphatic drainage, 307 
Pepsin, 223 
Pepsinogen, 223 

Peptide hormones, 61 1. See also 
Glucagon; Insulin 
Percussion 
-cor, 89, 128, 129 

- hepar, 128 

- pulmones, 128, 129 
Percutaneous coronary intervention 

(PCI), 122 

- stent placement, 123 
Percutaneous transluminal coronary 

angioplasty (PTCA), 122, 122f, 

123f 

- contraindications, 122 

- guide catheter, 122 f 
-guide wire, 122f 
Perforating vessels, 57, 57 f 
Perianal eczema, 238 

Perianal skin, 233, 233 f, 234, 234f, 
235,236 

Periarteriolar lymphatic sheath 
(PALS). See Vagina lymphoidea 
periarteriolaris 
Peribronchial network, 149 
Pericardium/a, 70, 70 t, 71,76 f, 77, 
77f, 83f, 84, 87, 92f, 93f, 120f, 

126, 128, 130, 133, 157, 169, 175, 
176, 177, 181, 181 f, 183 

- anterior view, 90 
-fact sheet, 421 

- fibrosum, 6, 6 f, 84 f, 85 f, 87 f, 88, 
88f, 89 f, 90, 90 f, 91 f, 124, 126 f, 

129f, 130f, 131f, 133f, 157f, 169f, 

175f, 176f, 180f, 181 f, 182f, 1 83f, 

184f, 185f, 186f 

- innervation, 91 

- location in thorax, 90 

- neurovascular supply, 403 

- openings, 91,91 f 

- serosum, 89, 90 
Perimetrium/a, 312f, 316f, 316t, 

318f,319f,343f 
Perineum/a, 232, 298 
Periodic acid-Schiff (PAS) stain, 320 
Periorchium. See Lamina parietalis 
tunicae vaginalis testis 
Periosteum/a, 372 f 
Peristalsis 

- defined, 28 

- in oesophagus, 160, 166t, 167 
Peritoneum/a, 30 f, 76, 199, 201, 

201 t, 229, 241 f, 249, 294,314, 
333t, 373 f, 383f, 386, 387f, 389 f 

- adhesions, 354, 355 

- anterior abdominal wall, 382-383 

- on female genital organs, 314 

- parietale, 9 f, 32 f, 34, 34f, 31 f, 76, 
76f, 77, 91,133f, 159f, 198f, 201, 
201 f, 220 f, 225 f, 232 f, 233 f, 244, 
244f, 249f, 252f, 254f, 258, 283, 
283 f, 284, 294f, 295 f, 312f, 313 f, 


343 f, 355 f, 358 f, 363, 363f, 366 f, 
374, 374f, 376, 376 f, 377, 377 f, 
378 f, 380 f, 382, 382f, 385, 385f, 
390f, 392 f, 395 f, 397 f 

- urogenitale, 201,294, 294 f, 295, 
295 f, 296 f. See also Peritoneum 
viscerale 

-viscerale, 9 f, 34, 159f, 201,201 f, 
223,244, 245,295, 312, 312f, 
319, 328, 328f, 355f, 366f, 374 
Peritonitis, 230, 355 
Perivascular hematoma, 192 
Peyer’s patches. See Noduli 
lymphoidei aggregati 
Pfannenstiel incision, 353f 
Pharyngoesophageal diverticulum, 
161 

Pharynx, 15 f, 22, 22 f, 28, 28 f, 29, 
31,31f, 156f, 158,160. See also 
Pars laryngea pharyngis; Pars 
nasalis pharyngis; Pars oralis 
pharyngis 

Phospholipids, 249t 
Photofluorography, 153 
Piloerection, 127 
Pituitary gland. See 
Adenohypophysis; Hypophysis; 
Neurohypophysis 
PIV. See R. interventricularis 
posterior 

PLA. See R. posterior ventriculi 
sinistri; R. posterolateralis dexter 
Placenta, 15, 20f, 63t 
Planum/a 

- interspinale, 352, 352 f 

- intertuberculare, 352, 352f 

- subcostale, 352, 352 f 

- supracristale, 352, 352 f 
-transpyloricum, 172t, 220, 220 f, 

352,352 f 

-xiphosternale, 352, 352 f 
Plaque, 117,117 f 

- vulnerable, 117 
Plasma cells, 56 

Pleura/rae, 23, 83f, 124, 130-131, 
154 

- diaphragmatica, 91,178 f 

- innervation, 131 

- parietalis, 26, 26 f, 70, 11 f, 88, 89 f, 
90 f, 130,130f, 131, 132-133, 
132t, 137, 149, 151, 166f, 173f, 
175, Mlf, 178, 182, 183, 183f 

- innervation, 131f 

- parasagittal section, 133 

- projection onto skeleton 
thoracis, 132 

- recesses, 133 

- superior view, 133 

- pulmonalis, 130,174f 

- structure and topography, 130 
-visceralis, 26, 26 f, 89f, 130, 130f, 

131,133, 133f, 137, 149, 174f, 
175f, Mlf, 178f 
Pleural effusion, 153 
Plexus/us (lymphatic) 

- in intestinal wall, 274 

- mucosus, 164f 

- muscularis, 164 f, 274f 

- serosus, 274f 
Plexus/us (nervous) 


- aorticus 

-abdominalis, 216, 349, 349f 
-thoracicus, 86f, 126, 126 f, 127, 
Ulf 

- autonomici, 216, 217, 241,279f, 
281f, 391 

- brachialis, 87f, 126 f 

- cardiacus, 148f, 186 f, 402 f 

- caroticus 

- communis, 86 f 

- externus, 86 f 

- internus, 86 f 

- cervicalis, 76, 403f, 405f 

- coeliacus, 217t, 276f, 308, 407f, 
408f,415f 

- deferentialis, 217t, 346f, 347, 347f 

- entericus, 67, 223, 280 

- gastricus, 126 f, 167, 217t, 276, 
277f 

- anterior, 81 f, 1 61 f, 276f, 211 f 

- posterior, 167f, 276f, 211 f 

- hepaticus, 217t, 276, 276f, 277, 
211 f, 279f, 406f 

- hypogastricus 

-inferior, 64f, 216f, 217t, 218, 

218f, 219, 236f, 241,278, 

280-281,280 f, 281 f, 308 f, 309, 
309f, 346, 347, 347f, 348f, 349, 
349f, 372f, 373f, 387f, 391,393f, 

411 f, 412f, 414f, 415f, 416f, 41 If 

- superior, 216 f, 217 1, 236f, 278f, 
280f, 281 f, 308 f, 309, 309f, 346, 
346f, 347f, 348f, 349, 349f, 390f, 
392f,412f,414f,416f 

- iliacus, 308f, 346 f 

- intermesentericus, 216f, 217f, 

218f, 281 f, 308f, 346f, 347f, 348f, 
349f, 415 f 
-lumbalis, 237f, 381 

- mesentericus, 217 
-inferior, 217t, 278, 280-281, 
280f, 281 f, 308f, 346f, 348, 348f, 
349f, 411 f, 412f, 41 6f 

- superior, 217t, 276, 276f, 277, 
277f, 278-279, 278f, 279f, 280, 
348, 408f, 409f, 41 Of, 416f, 417f 

- myentericus, 67, 67f, 167, 167f, 
223, 280, 280f 

- oesophageus, 86, 86f, 87, 81 f, 

MI, 166, 167, 167f,401f 

- ovaricus, 216f, 217t, 279f, 348, 
348f, 349, 349f,417f 

- pancreaticus, 217t, 276, 276f, 

277, 211f, 408 f 

- pharyngeus, 86 f 

- prostaticus, 217t, 308f, 346f, 347, 
347f, 414f 

- pulmonalis, 70, 86, 86 f, 126,126 f, 
MI, Mlf, 148, 148f,404f 

- rectalis, 234, 236, 236 f 

inferior, 217t, 280 f, 346 f, 

412 f 

medius, 217t,280f,308f, 
346f, 348f, 412 f 

superior, 217t, 280f, 281 f, 

412f 

-renalis, 216f, 217, 217t, 279f, 

308f, 309, 413f, 417f 

- sacralis, 202 f, 216 f, 236f, 292 f, 

335 f, 336, 336f, 348 f, 372f, 373f, 
387f, 393f 


- splenicus, 217t, 276, 276f, 277, 
211 f, 279f, 406f 

- subclavius, 86 f 

- submucosus, 67, 167, 1 61f, 223, 
223f, 280, 280f 

externus, 67, 61f 
internus, 67, 61f 

- subserosus, 280, 280 f 

- suprarenalis, 216f, 217t, 308, 308f 
-testicularis, 216f, 217t, 279f, 308f, 

335 f, 347, 341f, 348, 349, 415 f 

- uretericus, 216f, 217t, 308f, 309, 
309f, 346f 

- uterovaginalis, 217t, 348 f, 349, 
349f,416f 

-vertebralis, 86 f 
-vesicalis, 217t, 308f, 309, 309f, 
346f,347f,348f,414f 
-viscerales, 277 
Plexus/us (vascular), in saccus 
vitellinus, 15 f 
Plexus/us (venous) 

-externus, 233f, 235, 235f 

- hemorrhoidal. See Hemorrhoidal 
plexus 

- pampiniformis, 332 f, 333 f, 335, 
335f,338f,339,415f 

-rectalis, 206f, 211,238 

- submucous. See Submucous 
venous plexus 

-testicularis, 332f 

- uterinus, 206f 
-venosus 

- ovaricus, 342, 342f, 41 If 

- prostaticus, 299 f, 339, 414f 
-rectalis, 270f, 271,341 

- uteri, 313f 

- uterinus, 324, 340, 340f, 341, 

341 f, 342, 342f, 394, 416f 

- uterovaginalis, 394f 
-vaginalis, 313f, 340f, 341,341 f, 
342, 342f, 394, 416f 
-vertebralis, 339, 414f 
-vesicalis, 206 f, 295 f, 301 f, 339, 
341,341 f, 414f 

Plica/ae 

- aryepiglottica, 158 f 

- capitis, 5 f 

-caudalis, primordialis, 5 f 

- circulares, 224f, 225, 226, 226 f, 
370, 370f 

- cloacalis, 48 

- epigastrica,, 354f, 355 f, 358 f. See 
also Plica umbilicalis lateralis 

-gastrica, 159f, 221,221 f, 222, 

222 f, 223, 223f 

- interureterica, 296, 297, 297f 

- mucosa, 250 

- neurales, 4f, 14f 

- palmatae, 320 

- pleuropericardiaca, 6, 7 

- pleuroperitoneales, 6, 7 

- rectouterinae, 232, 232 f, 294 f, 

314 f, 314 1, 343 f, 385 f, 389, 389f, 
390 f 

- semilunaris, coli, 228t, 231,231f, 
233 

-transversae, recti, 229, 232, 232 f, 
233,233 f 

- umbilicales, 382, 385 

- umbilicalis 
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- lateralis, 227f, 354f, 358f, 359 f, 
382, 382 f, 383, 385 f, 392 f 

- medialis, 227/, 294/, 343/, 354/, 
355/, 358/, 359/, 382, 382/, 383, 
383/% 385/, 392/ 

- mediana, 227/, 354/, 355/, 358/, 
359/, 382, 382/% 383, 385/, 392/ 

- urethrales, secundariae, 52/, 53/, 
54 1, 55/ 

-vesicalis, transversa, 294, 294/, 
385, 385/, 397 
-vestibularis, 158 / 

-vocalis, 158/ 

Pneumocytus/i, 26 1, 27 
-typi 1,27, 147, 147/ 

-typi II, 27, 147, 147/ 
Pneumonectomy, 139 
Pneumonia, 147,157 
Pneumothorax, 151 
Pocket valves. See Valva aortae; 

Valva trunci encephali 
Polidocanol, 239 
Pollakiuria, 330 
Polus/i 

- inferior, renis, 282, 283, 285, 286/, 
288/, 293/, 335 

- superiores, renis, 254/, 283, 285, 
286/% 288/, 290, 291 f, 365 

Polyps, 371 

- large bowel, 240 

Pontine micturition center, 297 1 

Porta/ae 

-arteriosa, 181/ 

- hepatis, 245, 246, 247, 276 
-venosa, 181 / 

PortaI area, 247 

Portal venous system, 208-209, 266 

- in hepar, 12, 28, 29, 56 

- in hypophysis, 63, 63/ 

Portio/ones 

- supravaginalis, cervicis, 315, 315/, 
318/, 319/, 320/, 321 f, 388, 389, 
389/ 

-vaginalis, cervicis, 311/, 313/, 315, 
315/% 318, 318/, 318t, 319, 319/% 
320, 321,321/, 322, 323, 323/% 
387/ 

Portosystemic collaterals, 163, 247 
Position, of uterus, 318t 
Posterior descending artery. See R. 

interventricularis posterior 
Posterior layer of abdomen and 
pelvis, 200 

Postsynaptic membrane, 60 
Potassium, 40 
PQ interval, 109t 

Praeenteron/ra, 5, 5/, 6, 6/, 14,14/, 
24, 27, 30/, 31,31 f, 32, 33, 48/ 

- defined, 30 

- development of caudal region, 35 

- lateral view, 25 

- ventral view, 25 
Precapillary sphincter, 12, 12/ 
Pre-collecting lymph vessels, 56/ 
Pregnancy, 326-327 
Preputium/a, 300/ 

- penis, 328/ 

Pressure hammer, 112 
Presynaptic membrane, 60 
Pretracheal oval, 152/ 

Primary urine, 40, 40/, 44, 286, 287 


Primordium/a, 4 

- atrii, 15, 15/ 

- cordis, 4/, 5/, 14, 14/, 30/ 

- of digestive tract, 30/ 

- splenis, 32, 34, 34/, 35 1 
Principal piece, of tail of 

spermatozoon, 333 
Processus/us 

- caudatus, 245/ 

- coracoideus, 171 f 

- costalis, vertebrae lumbalis, 72/ 

- maxillaris, 24/ 

- spinalis, 172/ 

-spinosus, 171/, 172/ 351 / 

- styloideus, 24/ 

- uncinatus, pancreatis, 198/, 252/, 
253/, 267, 377/ 

-vaginalis, peritonei, 332, 335/ 
-xiphoideus, 172t 
Proctodeal glands, 233, 233/, 235/, 
239, 373/ 

Proctodeum/a, 30, 30/, 31,31 f, 

38t, 39/ 

Progesterone, 63t, 317, 317/ 
Progestins, 63t, 317, 320t 
Prolactin, 63t 

Promontorium/a, ossis sacri, 294/, 
318,327,327/ 

Pronephros, 42, 42/ 
Prosencephalon, 15 / 

Prostaglandins, 63t, 63 
Prostata/ae, 2/, 45, 45/, 46t, 48, 50t, 
52/% 54t, 55/, 198/, 200t, 215/, 
234/, 293/, 295, 295/, 296/, 299, 
299f, 300f, 301 f, 309f, 31 Ot, 311, 
311f, 328, 328f, 329, 330f,331f, 
331 1, 334f, 334t, 338f, 344, 346, 
346f, 347, 347f, 372f, 373f, 382f, 
384f, 387f, 391,393f, 396, 396 f, 
397, 397 f 

- anterior zone, 329 f 

- arterial supply, 339 

- autonomic innervation, 347 

- benign hyperplasia, 320-321 
-carcinoma, 320-321 

- Central zone, 329, 329 f 
-fact sheet, 444 

- in situ, 328 

- lymphatic drainage, 344 

- measurement, 396 

- neurovascular supply, 414 

- normal values, 329 f 

- palpation, 331 

- peripheral zone, 329, 329 f, 320 

- periurethral zone, 329 

- relationship to urethra, 329 

- sonography, 396 
-transition zone, 329, 329 f, 330 

- transurethral resection, 330 
-venous drainage, 339 
Prostate. See Prostata 
Prostatectomy, radical, 330 
Prostate-specific antigen (PSA), 329, 

320,331 t 

Prostatic hyperplasia, 300 
Protein hormones, 61 1, 63 
Proteoglycans, 117 
PSA. See Prostate-specific antigen 
Pseudoaneurysm, 192 
Psoas arcade, 74f. See also Lig. 
arcuatum mediale 


Puberty, changes in cervix uteri, 321 
Pudendum/da, 46t 
Pulmonary embolism, 21,144 
Pulmonary hypertension, 21 
Pulpa/ae 
-alba, 255 

- rubra, 255 

- splenica, 255 
Pulsion diverticulum, 161 
Purkinje fibers, 108 
Pyelonephritis, 45, 289, 292 
Pylorus/i, 29f, 33f, 220, 223, 277, 

352,359, 363 

Pyramis/ides, renales, 286, 286 f, 
287, 287f, 288f, 289 f, 304 f 

Q 

Q wave, 109 f, 109t 
QRS complex, 109 f, 109 1 
QT interval, 109t 

Quadrants, lymphatic drainage by, 
83 

Quadratus arcade,, 74f. See also Lig. 
arcuatum laterale 

R 

R wave, 109 f, 109t 
Radiographic terminology, 153 
Radiographs 

- left lateral decubitus, 370 

- standing abdominal, 370 
Radiography 

- double-contrast, 370, 371 

- intestina tenue and crassum, 
370-371 

Radiolucent, 153 
Radiopague, 153 
Radius/i, medullaris, 286f, 288 f 
Radix/ices 

- anterior, nervi spinalis, 65, 65 f, 

66f, 372 f 

- mesenterii, 225 f, 357 f, 363 f, 374f, 
376f, 377, 377/% 380f 

- mesocoli transversi, 359f, 362 f, 
363, 363f, 374f, 376 f, 377, 377f, 
380, 380f 

- posterior, nervi spinalis, 65 f, 66, 

66f, 372f 

- pulmonis, 6 f, 137 
Ramus/i 

- obturatorius, arteriae epigastricae 
inferioris, 382 f 

- ovaricus, arteriae uterinae, 416 f 

- prostaticus, arteriae vesicalis 
inferioris, 414f 

-tubarius, arteriae uterinae, 416 f 

- ureterici, arteriarum vesicalium 
superiorum, 414f 

- vaginales, arteriae uterinae, 416 f 
Ramus/i (arteriae) 

- anterior 

-arteriae pancreaticoduodenalis 
inferioris, 260 f, 

- arteriae renalis, 302, 304, 304f, 
305, 305 f 

- ascendens, arteriae colicae 
sinistrae, 263 f 

- atriales 

- dextri, 113/, 114/, 115 f 


- sinistri, 113/, 115/ 

-atrialis, 112/, 113t, 119/ 

- atrioventricularis 

- dexter, 113/, 113t, 115/ 

- sinister, 113/, 113t, 114/, 115/ 

- bronchiales, 144, 144/, 145/, 146, 
146/, 404/ 

- bronchialis 

- origin, 145 

- topographical relation to aa. 
pulmonales, 145 

- capsularis, arteriae renalis, 302, 
304/ 

- circumflexus, 112/, 113/, 113t, 
114/, 115,115/, 116/, 118,119/, 
120/, 121,402/ 

- colicus, arteriae ileocolicae, 260/, 
-communicans, nervi spinalis, 348/ 

- coni arteriosi, 112/, 113/, 113t, 
114/, 115/, 119/ 

- descendens, arteriae colicae 
sinistrae, 263/ 

- dexter 

- arteriae colicae mediae, 204/, 
261/ 

- arteriae hepaticae propriae, 

245/, 260/, 

- arteriae mesentericae superioris, 
257 

- diagonalis, 112/, 113t, 118,119/, 
121 

- duodenalis, arteriae 
pancreaticoduodenalis superioris, 
204/, 259/, 276, 408/ 

- helicini, arteriae uterinae, 342/ 

- ilealis, arteriae ileocolicae, 260/, 

- intercostales, anteriores, 78 1 

- intercostalis, 123/ 

- interventriculares, septales, 113/, 
113t, 114/, 115/ 

- interventricularis 
-anterior, 92, 112,112/, 113/, 
113t, 114/, 115/, 116/, 118, 119/, 
120/, 121, 180/402/ 

- posterior, 112,112/113/113 1, 
114,114/, 115, 115/, 118, 119/, 
121,402/ 

- labiales, posteriores, 336/ 

- lateralis, 113/ 

-distalis, 112/, 113t, 114/ 

- proximalis, 112/ 113t, 114/, 
115/ 

- marginalis 

- dexter, 112/113/113t, 114/ 
115/119/ 

- sinister, 112/113/113 1, 114/, 
115/, 118, 119/, 121 

- mediastinales, arteriae thoracicae 
internae, 78 1 

- nodi atrioventricularis, 112/113/, 

113t, 115/ 

- nodi sinuatrialis, 112/113/113t, 
114/115/119/121 

- obturatorius, arteriae epigastricae 
inferioris, 336/, 383/ 

- oesophageales 

-aortae, 78t, 162/, 162t, 178/, 
401/ 

- arteriae thyroideae inferioris, 

78t, 162/, 162t 
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- oesophagealis, arteriae gastricae 
sinistrae, 162f, 162t, 204 f, 205 1, 
401 f 

- ovaricus, arteriae uterinae, 324, 
340, 342, 342f, 41 If 

- pancreaticus, arteriae splenicae, 
204f, 205t, 259 f 

- pericardiaci, aortae, 78 1 

- posterior 

- arteriae pancreaticoduodenalis 
inferioris, 260f, 

- arteriae renalis, 302, 304, 304f, 
305, 305f 

- ventriculi sinistri, 112f, 113t, 

119f 

- posterolateralis 

-dexter, 112f, 113f, 113t, 114f, 
115, 115f, 118, 119f, 121 

- sinister, 113f, 113t, 114f, 115f, 
118, 119f 

- prostatici, 339 

- pubicus, arteriae epigastricae 
inferioris, 383 f 

- scrotalis, posterior, 336f, 338f 

- sinister 

arteriae colicae mediae, 
204f, 261 f 

arteriae hepaticae 
propriae, 245f, 260 f 

- thymici, arteriae thoracicae 
internae, 78 1, 420 1 

-thymicus, arteriae 
pericardiacophrenicae, 400f 
-tracheales, 144 

- aortae, 78 1 

- arteriae thyroideae inferioris, 78 1 
-tubae, arteriae ovaricae, 340 
-tubarius 

- arteriae ovaricae, 342 f, 417 f 
-arteriae uterinae, 314f, 340, 
342f,417f 

- uretericus 

- arteriae iliacae communis, 302 f 

- arteriae renalis, 302, 304f, 305, 
305f,413f 

- arteriae testicularis, 302 f 
-vaginales, 313, 341 
-vaginalis 

- arteriae uterinae, 340, 341 f, 342f 

- arteriae vesicalis inferioris, 343f 
-ventriculi sinistri, posterior, 118 
Ramus/i (nervi) 

- anterior, nervi spinalis, 216f, 308f, 
346f 

- bronchiales, nervi vagi, 86,178f, 
404f 

- bronchialis, 148f 

- cardiaci 

- nervi vagi, 86, 86 f 

- thoracici, 126,127,127f, 402 f 
-cardiacus, 127,127f 

- coeliacus 

-trunci vagalis anterioris, 276 f 

- trunci vagalis posterioris, 216 f, 
277f, 279 f, 407 f 

- communicantes, 183 f, 346 f 
-albi, 65, 65f, 66, 66 f 

- grisei, 65, 65 f, 216 f 

- cutaneus 

- anterior, 381 f 

- lateralis, 381 f 


- dorsalis, 65 f 

-femoralis, nervi genitofemoralis, 
381 f, 383f 

- gastrici, trunci vagalis posterioris, 
407 f 

- gastricus, trunci vagalis anterioris, 
407 f 

-genitalis, nervi genitofemoralis, 
335f,381f,383f 

- hepatici, 277 

- hepaticus 

- trunci vagalis anterioris, 276f, 
277f, 279f, 406f 

-trunci vagalis posterioris, 276f, 
277f, 406f 

- interganglionaris, trunci 
sympathici, 216f 

-laryngopharyngeus, 148f 
-oesophageales, 167f 

- oesophagealis, arteriae thyroideae 
inferioris, 401 f 

- oesophagei, nervi vagi, 86 

- pericardiaci, 76, 76f, 91 f, 126, 

176f 

- phrenicoabdominalis, 76 

- posteriores, nervi spinalis, 372 f, 
373 f 

- pulmonales, 404f 

- pylorici, 277 

- pyloricus 

- trunci vagalis anterioris, 276 f, 
277f, 279 f, 407 f 

-trunci vagalis posterioris, 276 f, 
277f, 407 f 

-tracheales, nervi vagi, 86, 148 
-trachealis, 404f 
-ventralis, 65 f 
Ramus/i (ossis) 

- inferior, ossis pubis, 295f, 31 Of, 
313f, 319f, 384f, 387f, 396, 396 f 

- ischiopubici, 387 

- superior, ossis pubis, 299f, 384f, 
390f, 393f 

RAO. See Chest radiograph, oblique, 
right anterior 

Raphe/hae, pharyngis, 160f 
RAV. See R. atrioventricularis dexter 
RCA. See A. coronaria dextra 
Receptor. See also Intracellular 
receptor; Type I receptor; Type II 
receptor; Type III receptor 

- acetylcholine, 65 
-for hormone, 60 

- types, 65 

- types of, 61 
Recessus/us 

-costodiaphragmaticus, 88f, 129f, 
130 f, 132f, 133,133f, 137,151, 
151f, 152f, 153, 166f, 174, 174f, 

175, 380f 

-costomediastinalis, 89, 89 f, 128, 
130f, 133, 133f, 137, 175, 177, 
177 f 

- duodenalis 

- inferior, 225, 225 f, 356f, 357 f 

- superior, 225, 225 f, 356 f, 357 f 

- hepatorenalis, 356f 

- ileocaecales, inferiores, 356f, 357 f 

- ileocaecalis, superior, 356f, 357 f 

- inferior, bursae omentalis, 360 f 

- intersigmoideus, 356f, 357 f 


- paracolicus 

- dexter 356f 

- sinister 356f 

- piriformis, 158 f 

- pleurales, 151 

- retrocaecalis, 356f, 357 f 

- splenicus, 254 

- subhepaticus, 356, 356f 

- subphrenicus, 356f 

- superior, bursae omentalis, 360 f 
Rectoscopy, 240f 

Rectum/a, 2 f, 28, 28f, 29 f, 31,31 f, 
32f,36f,37f,39f,41,51, 198f, 
200t, 201,201 f, 206 f, 207, 208f, 
212, 214, 215f, 219, 228, 228f, 
228t, 229, 229 f, 232-233, 232f, 
234, 235f, 236 f, 242 f, 264, 265f, 

275, 278, 281,282,282f, 292f, 
294f, 295f, 299f, 312, 313f, 318, 
319 f, 328, 328f, 330f, 331,335f, 
338, 340, 342f, 343f, 344f, 345f, 
349, 353f, 353t, 358f, 359 f, 369, 
372f, 374f, 375, 376f, 378f, 383, 
384f, 385f, 386f, 387f, 388, 388f, 
389f, 390f, 391,391 f, 392f, 393f, 
394, 394f, 395, 395f, 396, 396f, 
397 f 

- anterior view, 232 

- arterial supply, 263, 264-265 

- autonomic innervation, 64 f 
-carcinoma, 240-241 
-digital palpation, 240f 

- endosonography, 241 
-fact sheet, 431 

- in situ, 232 

- location and flexures, 232 

- lymphatic drainage, 275 

- neurovascular supply, 412 
-topography, 372-373 

- venous drainage, 208, 270 
Reference lines. See also Linea 

- horizontal, 172 

- longitudinal, 172 
Referred pain, 67 

-from gaster, hepar, pancreas, 
vesica biliaris, 276 

- from intestina, 278 

- from oesophagus, 166 
-from ren, 381 

Reflux esophagitis, 159 
Regio/ones 

- abdominalis, lateralis, 351f, 352 f 

- analis, 351 f 

- axillaris, 171f, 351f 

- deltoidea, 171f, 351 f 

- epigastrica,, 242, 252, 351 f, 352, 
352 f. See also Epigastrium 

- glutealis, 350f, 351 f 

- hypochondriaca, 89, 171 f, 242, 

276, 351f, 352, 352f 

- inframammaria, 171f, 351 f 

- infrascapularis, 171f, 351 f 

- inguinalis, 351f, 352, 352f, 386 

- interscapularis, 171f, 351 f 

- lumbalis, 352 

- pectoralis, 171f, 351 f 

- presternalis, 171f, 351 f 

- pubica, 351f, 352, 352f 

- sacralis, 351f 

- scapularis, 171f 

- suprascapularis, 171f, 351 f 


- umbilicalis, 351 f, 352, 352 f 

- urogenitalis, 352, 352f 
-vertebralis, 170 f, 171f, 350f, 351 f 
Reicherfs cartilage, 24f 
Releasing hormone, 62, 62 f 
Ren/nes, 28, 34, 34 f, 40, 40f, 41 f, 

42f, 51,60f,62,62f,63t, 67 f, 

173f, 200, 200f, 203t, 206,207, 
208f, 213, 215f, 219, 219t, 220f, 
225f, 242 f, 243, 249f, 252f, 254f, 
283,289, 290, 290f, 291,292, 

292f, 302, 303, 303f, 305, 306, 
308, 309f, 361 f, 362 f, 363, 363f, 
364f, 366 f, 367 f, 374, 374f, 375, 
376f, 377, 377 f, 378 f, 379, 379 f, 
380,381 f 

- aa. and vv., 302-305 

- anterior view, 285, 304 

- architecture and microstructure, 
286-287 

- areas of contact with adjacent 
organs, 380 

- ascent of, 43 

- autonomic innervation, 64 f, 309 

- avascular zone, 304, 304f 

- development of, 42-43 

- dexter, 242, 244f, 266 f, 282, 282f, 
283f, 284f, 291 f, 353f, 356f, 367 

-fact sheet, 437 

- in situ, 282-283 

- intrarenal collecting system, 287 
-location, 282, 284, 380-381 

- location of, 41 

- longitudinal section, 288 

- lymphatic drainage, 306 

- macroscopic structure, 286 

- medial view, 285 

- neurovascular supply, 413 

- pathological mobility, 282 

- pelvicus, 43, 45, 45f 

- posterior view, 285, 286 

- projection on skeleton, 282 

- proximity to nn. iliohypogastricus 
and ilioinguinalis, 381 

- referred pain, 381 

- serially connected capillary beds 
in, 12 

-sinister, 2 f, 282, 282 f, 283 f, 291 f, 
353 f, 356f, 367, 380f 

- structure and shape, 285 

- unguliformis, 45, 45 f 

- vascular segmentation, 305 
-venous drainage, 207, 208 

- vessels, 287 

Renal calculus. See Urinary calculi; 

Urinary calculi 
Renal colic, 289, 293 
Renal parenchyma, 286, 288 
Renal pelvic stones. See Urinary 
calculus 

Renal stones. See Urinary calculus 
Renin, 40, 63t 

Reproductive system. See Systema 
genitale; Genital system 
Reserve cells, 320, 320 f 
Resistance vessels, 11,11 f 
Respiration 

- cellular, 22 

- external, 22 

- internal, 22 

- mechanics, 23 
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Respiratory distress syndrome 
(RDS), 27 

Respiratory epithelium, 60 f 
Respiratory system. See also Systema 
respiratorium 

- aa. and vv. pulmonales, 142-143 

- air passages, 22 

- lower, 22, 23 

- upper, 22 

- boundaries of pulmones and 
pleura parietalis, 132-133 

- cavitates pleurales, 26,130-131 

- computed tomography of 
pulmones, 154-155 

- development, 24-25, 26-27 
-functional residual capacity, 134 

- functional structure of arbor 
bronchialis, 140-141 

- functional structure of vascular 
tree, 146-147 

- hormones in, 63 

- innervation, 148 

- location of pulmones in thorax, 
128-129 

- lymphatic drainage, 148-149 

- overview, 22-23 

- radiological anatomy, 152-153 

- rami and venae bronchiales, 
144-145 

- respiratory mechanics, 150-151 

- segmentation of pulmones, 
138-139 

- shape and structure of pulmones, 
136-137 

-trachea, 134-135 
Rest and digest response, 65 
Rete/tia, testis, 49, 49 f, 50 f, 50 1, 52 f, 
541, 332 f, 333, 333f 
Retrocardiac space, 71,102f, 183 
Retroflexion, of uterus, 318 
Retroperitoneum, 215, 269, 282, 
283, 292, 308, 314, 360. See also 
Spatium retroperineale 

- anterior view, 377, 378, 380 
-Central, 375, 375f 

- left flank region, 375, 375 f 

- location of renes, 380-381 

- nerves in, 375t 

- organs in, 375 1 

- organs of, 378-379 

- overview, 374-375 

- pelvic region, 375, 375 f 

- peritoneal relationships, 376-377 

- right flank region, 375, 375 f 

- transperitoneal view, 377 

- transverse section, 379 

- vessels in, 375t 
-zones, 375 

Retroposition, of uterus, 318 
Retrosternal space, 102f 
Retroversion, of uterus, 318 
Rheotaxis, 326 
Rib. See Costa/ae 
Right lower guadrant, 352 
Right upper guadrant, 352 
Right ventricular outflow tract 
(RVOT). See Outflow tract, 
ventriculi dextri 

Riolan anastomosis, 204f, 263, 263 f 
RLQ. See Right lower guadrant 
RM. See R. marginalis dexter 


Rough endoplasmic reticulum, 61 
RPL. See R. posterolateralis dexter 
Ruga/ae, vaginalis, 313f, 319, 319f 
RUQ. See Right upper quadrant 

s 

S wave, 109 f, 109t 
SA node. See Nodus sinuatrialis 
Saccular aneurysm, 192 
Sacculus/i, alveolares, 25, 25 f, 27, 
140, 140f, 141,141 f, 146/, 147, 
147/ 

Saccus/i 

- pharyngei, 15/, 36/ 

- pharyngeus, tertius, 168 

- subcutaneus, perinei, 387, 387/ 

- vitellinus, 4/, 5, 5/, 14,14/, 15, 30, 
48, 48/, 52/, 53/ 

Sacral triangle, 350/ 

Sail valves, 98 
Saliva, 29 

Salpinx/ges. See Tuba uterina 
SAN. See R. nodi sinuatrialis 
Sarcoplasmic reticulum, 116 
Scapula/ae, 72/, 132/, 152/, 172/, 
173,173/, 187/ 

Schabadasch plexus. See Plexus 
submucosus externus 
Schiller’s iodine test, 323 
Sclerotherapy, 239 
Sclerotomus/i, 4 
Scrotum/a, 39/, 46 1, 47, 49, 54t, 
300/, 31 Ot, 311/, 328/, 332, 332/, 
344, 344/, 350/ 

- in situ, 332 
Secretin, 63t, 251 
Segmentectomy, 139 
Segmentum/a 
-anterius, pulmonis, 138t 

- anterius inferius, renis, 305 

- anterius superius, renis, 305 
-apicale, pulmonis, 138t, 153 
-apicoposterius, pulmonis, 138t 

- basale 

- anterius, 138t 

- laterale, 138t 

- mediale, 138t 

- posterius, 138t 

-bronchopulmonalia, 138,139, 142 

- cervicalia, medullae spinalis, 405/ 

- hepatis, 246, 246/, 248 

- inferius, renis, 305 

- laterale, pulmonis, 138t 

- lingulare 

- inferius, 138t 

- superius, 138t 
-mediale, pulmonis, 138t 

- medullae spinalis, 87,148/, 167/, 
218,219,403/ 

- posterius 

- hepatis, 246t 

- pulmonis, 138t 

- renis, 305 

- pulmonis, 138, 147 

- sacralia, of medulla spinalis, 65 

- superius 

- pulmonis, 138t 

- renis, 305 

-thoracicum, medullae spinalis, 
405/ 


Selective proximal vagotomy, 277 
Selenium, 240 
Semen. See Ejaculate 
Semilunar valve,, 100. See also Valva 
aortae; Valva trunci pulmonalis 
Senses, odor perception, 22 
Septation 
-of atria, 18 

- of ventriculi, 19 

Septulum/la, testis, 332, 332/, 333/ 
Septum/ta 

- aorticopulmonale, 18,19, 21 
-atriale, 18 

-femorale, 383 

-interalveolare, 141, 141/, 147, 

147/ 

-interatriale, 96, 96/, 97, 97/, 101 /, 
107/, 108 

-interventriculare, 16/, 18, 19, 19/, 
89/, 94/, 95/, 96/, 97, 97f, 104, 

107 /, 108, 108/, 111 f, 114/, 114t, 
115, 115/, 130/, 177 / 

- penis, 300/ 

-primum, 17, 17/, 18,18/, 21,97 

- rectovaginale, 312, 319, 319f, 

386, 386/ 

- rectovesicale, 372/, 373, 384/, 

386, 386/, 391,393/, 396, 

396/, 397, 397/. See also Fascia 
retroprostatica 

-scroti, 198/, 328/, 332/, 397/ 

- secundum, 17/, 18, 18/, 97 

- tracheooesophageum, 25, 25/ 
-transversum, 6, 6/, 7, 7/, 14, 14/, 

15/, 26 

- urorectale, 37, 37/, 38 1, 43/, 44, 
44/ 

- uteri, 51 f 

- vesicovaginale, 312, 319, 319/ 
Serotonin, 63 

Serous membrane. See Tunica serosa 
Sertoli cells. See Sustentocyti 
Sex hormones, 46 
Sexual intercourse, 46 
Shock, 12 
Short axons, 63 
Shoulder girdle, muscles of, in 
respiration, 150 
Sibson’s fascia. See Membrana 
suprapleuralis 
Side stitch, 254 
Sigmoidoscopy, 240/ 
Sinistroposition, of uterus, 318 
Sinus/us 

-anales, 233, 233/, 239 
-aortae, 98,100/ 112,112/ 

- coronarius, 17,17/, 17t, 93, 93/, 
95/97/, 98/, 99/, 112, 112/, 113, 

113/, 120/, 180/402/ 

- in valva aortae, 120 
-obliguus, pericardii, 90, 90/, 91 f, 

180, 180/181, 181f 

- paranasales, 22 
-renalis, 285, 285f 

- splenici, 255, 255f 
-transversus, pericardii, 15, 90, 90 f, 

91 f, 181 f 

-trunci pulmonalis, 98 

- urogenitalis, 37, 37 f, 38 1, 42, 43 f, 
44, 44f, 45 f, 48, 50, 51,51 f, 52 f, 
53f, 54t, 55, 55f, 301,310 


-venarum cavarum, 96 
-venosus, 14, 15, 16f, 17f, 17t 
Skeleton/ta 

- projection of intestinum crassum 
on, 228 

-thoracis, 128,172, 210 
-anatomical landmarks, 172-173 

- projection of pulmones and 
pleura parietalis on, 132 

Skin tags, 238, 238 f 
SM. See Tela submucosa 
Small meal syndrome, 263 
Smooth endoplasmic reticulum, 61 
Smooth muscle, 117 
-gut tube, 30 f 

- in arteriola glomerularis afferens, 
286 f 

- in blood vessels, 11,12, 20 

- in trachea and bronchi, 24f 
Sodium, 40 

Somatic pain, 67 
Somatomedins, 63t 
Somatostatin, 63t, 223, 253 
Somatotropic hormone (STH). See 
Somatotropin 
Somatotropin, 63t 
Somitus/i, 4 f, 5, 7 
-formation, 4 
Sonography, 370 

- prostata, 396 
Space. See also Spatium 

- infracolic, 356f 

- retrocardiac, 71 
Spatium/a 

- extraperitoneale, 9,199, 201,212, 
383,386 

- intercostalia, 82, 83, 83 f, 88, 104, 
174 

- prerectale, 372 f, 373, 373 f 

- presacrale, 241 f, 373 f, 391,391 f 

- profundum, perinei, 387, 387 f 

- rectovaginale, 391,391 f 

- retroinguinale, 386, 386 f 

- retroperitoneale, 8 f, 9, 9f, 32, 32f, 
34f, 35f,37f, 41,41 f, 45, 199, 

199f, 201,284f, 363, 365, 376, 
378,379,386, 386f, 391,391/; 
436t 

- retropubicum, 299, 328f, 386, 
386f, 391,391 f, 397f 

- retrorectale, 241 f, 372 f, 373, 373 f, 
391,391 f 

- subperitoneale, 8f, 9, 9 f, 199, 
199f,387f 

- superficiale, perinei, 387, 387 f 

- urethrovaginale, 386f 

- vesicovaginale, 386f, 391,391 f 
Spermatocytes, 332, 333 
Spermatogenesis, 332, 333 

- sites of formation, 334t 
Spermatogonia, 46, 49, 52 f 
Spermatozoa, 46, 326, 333 

- ultrastructure, 333 
Spina/ae 

- iliaca 

- anterior superior, 231,231 f, 327, 
327f, 350f, 351 f, 352 

- posterior superior, 72 f, 351 f 

- ischiadica, 299, 318, 327 f, 394 f 
-scapulae, 170f, 172f, 172t 

- scapularis, 172f 
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Spleen. See Splen 
Splen, 377 

Splen/nes, 2f, 12, 32, 33, 35, 35t, 
38t, 56f, 163f, 173f, 200, 200f, 

200 t, 203 t, 205 t, 207, 208f, 

209, 214 f, 220, 220f, 225 f, 242f, 
243, 243f, 244f, 249f, 252, 252 f, 
254-255, 254f, 256f, 258, 266f, 
267, 277, 282f, 353f, 356f, 360f, 
361,361 f, 362f, 363, 364f, 365, 
366f, 367f, 377, 377f, 380f 

- arterial supply, 258 

- autonomic innervation, 276 

- development, 59t 
-fact sheet, 435 

- in situ, 254 

- location of, 254 

- lymphatic drainage, 214 

- neurovascular supply, 406 

- projection onto skeleton, 254, 365 

- shape and surface anatomy, 255 

- structure, 255 
-topography, 364, 365 

- venous drainage, 208 
Splenectomy, 255 
Sguamous cell carcinoma, 322 
Stadium/ia, neutrale, 48, 49f, 50, 

50f, 52 f, 53 f 
Staghorn calculus, 288 
Stanford classification, 193, 193f 
Stapes/edes, 24f 
Stapled hemorrhoidopexy, 239 
Stem cells, 223, 223 f 
Stenosis 

- duodenal, 39t 

- intestinal, 39t 

-oftruncus pulmonalis, 21 
Stereocilia, ductus deferentis, 334 
Sternum/a, 70, 70 f, 72 f, 73 f, 128 f, 
130, 132f, 149f, 156f, 172t, 173, 
177, 181 f, 197f, 198f 
Steroid hormones, 61 t, 63. See also 
Aldosterone; Testosterone 
Stomach. See Gaster 
Stomodeum/a, 30, 30 f, 31,36 f 
Stratum/a 

- basale 

- cervicis, 320, 320 f, 322f, 323 f 

- endometrii, 317, 317f 

- circulare, 29, 29 f 

- musculi detrusoris vesicae, 296, 
296 f 

-tunicae muscularis, 67f, 158f, 
159, 159f, 160, 160f, 167f, 221, 
222, 222 f, 223 f, 224 f, 225, 225f, 
226f, 230, 230f, 231 f, 233 f, 235, 
251,251 f, 280f, 289, 289f 

- compactum, endometrii, 317, 

317f 

-externum, longitudinale, 296, 

296f, 299, 299 f 

- functionale, endometrii, 317, 317f 

- intermedium, cervicis, 320, 320f, 
322f, 323 f 

- internum, longitudinale, 296, 296 f 

- longitudinale, 29, 29 f 

- longitudinalia, tunicae muscularis 
urethrae, 298 

- membranosum, 333t 

- parabasale, cervicis, 320, 320 f, 

322f, 323 f 


- spongiosum, endometrii, 317, 

317f 

- subvasculare, myometrii, 316, 

316f 

- superficiale, cervicis, 320, 320 f, 

322f, 323 f 

- supravasculare, myometrii, 316, 

316f 

- vasculare, myometrii, 316, 316 f 
Striated muscle 

- diaphragma, 7 

- larynx, 24, 24f 
Stroma/ta 

- digestive system, 30 f 

- endometrii, 317 

-of organa lymphoidea, 56 

- ovarii, 54t 

Submucous venous plexuses, in 
oesophagus, 159,160f, 163, 211 
Subpleural network, 149 
Sudden cardiac death, 116 
Sulcus/i 

- coronarius, 92, 92 f, 93, 94 f, 95 f, 

96 f, 112 

- costae, 174f 

- glutealis, 350f 

- inguinalis, 350f 

- intersphinctericus, 233, 233 f 
-interventricularis, 16, 16f 

- anterior, 92, 92 f, 94, 94 f, 97, 

112, 115f 

- posterior, 93 f, 94, 95f, 97, 115 f 

- laryngotrachealis, 24f 

- neuralis, 4, 4 f, \A\ 

- paracolicus, 356f, 376 f 

- pharyngeus, primus, 24f 

- primitivus, 4f, 14f 
-venae cavae, 244f 

Superficial lymphatic system, 57, 57 f 
Supradiaphragmatic, 264 
Surface anatomy 

- abdomen and pelvis, 350 
-thorax, 170 

Surfactantum/a, pulmonale, 27,147 
Surgical anal canal, 233 
Sustentocytus/i, 49, 52 f 
Swallowing, 23 

Sympathetic nervous system. See 
also Pars sympathica systematis 
nervosi 

- effects on organs, 65, 218t 

- pain fibers, 66 

- synopsis, 65 
Symphysis/es 

- pubica, 39f, 41,41 f, 74f, 220, 282, 
282f, 283, 292 f, 294, 294f, 295 f, 
296, 296 f, 298, 299, 299f, 300f, 

301 f, 307, 312f, 319f, 326f, 327, 
327 f, 328f, 343f, 351 f, 352, 383, 
386, 388, 388f, 390f, 393f, 394, 
395f, 396, 396 f, 397, 397 f 

-xiphosternalis, 172t 
Synaptic cleft, 60 
Synaptic transmission, 60 
Syncytium, 95 
Systema/ata 

- cardiovasculare, organs of, 3t 

- digestorium, 3t 

- endocrinum, 3t 

- genitale, organs of, 3 1 

- lymphoideum, 3t 


- nervosum 

- organs of, 3 1 

- pars autonomica. See Autonomic 
nervous system 

- respiratorium, organs of, 3t 

- urinarium, organs of, 3t 
Systole, 11,95,101 

- ventricular, 110 

T 

T lymphocytes, 56, 168 
T wave, 109 f, 109t 
Tachypnea, 190 
Taenia/ae 

-coli, 228, 228t, 229, 231,231f, 

232 

- libera, 227 f, 228, 228f, 229f, 230 f, 
232 f, 354 f, 355 f, 358f, 359f, 384f 

- mesocolica, 228, 228f, 229 f 
-omentalis, 228, 228f,229f 
Tail fold, 5 f 

TEE. See Echocardiography, 
transesophageal 
Tela/ae 

- subcutanea, 4 f 4 1 

- submucosa, 29, 29f, 223, 223 f, 
280 f 

- appendicis vermiformis, 231, 

231 f 

- canalis analis, 233 
-coli, 231,231f 
-ilei, 226, 226f, 231 
-jejuni, 226 f 

- oesophagi, 160,160 f, 163, 164 f, 
167 f 

- ureteris, 289 f 

- submucosae, duodeni, 225 f 

- subserosa, 223, 223 f 

- appendicis vermiformis, 231 f 

- coli, 231 f 
-ilei, 226f 
-jejuni, 226 f 
-tubae uterinae, 315 f 

- uteri, 316 1 
Tempus/ora 

- alveolare, 26 1, 27 

- canaliculare, 26 1, 27 

- pseudoglandulare, 26 1 

- sacci terminalis, 26 1, 27 

- sacculare, 26 1 
Tendo/ones, infundibuli, 99 
Tension pneumothorax, 151 
Teratozoospermia, 334t 
Terminal vascular bed, 11f 
Testis/es, 2 f, 46 1, 47, 48, 54t, 55 f, 

60f, 631, 200t, 207,215,215 f, 

300 f, 310 1, 311 f, 332, 332f, 334f, 
334t, 335f, 344, 344f, 346, 347f 

- autonomic innervation, 347 

- coverings, 333 

- developed, 52 f 

- development, 49 

- fact sheet, 446 

- lymphatic drainage, 344 

- neurovascular supply, 415 

- normal values, 333t 

- referred pain, 347, 347f 

- structure, 333 

- undeveloped, 52 f 
-venous drainage, 339 


Testosterone, 49, 50, 50t, 53, 63, 
63t, 330, 332 
Tetralogy of Fallot, 21 
Theca cells, 325 f 
Theca/ae 

- externa, 325, 325 f 
-folliculi, 49, 53 f 

- interna, 325, 325 f 
Thoracic diverticulum, 161 
Thorax/aces, 29, 156 

- anatomical landmarks of skeleton 
thoracis, 172-173 

- anterior view, 77, 79, 81,82, 124, 
126, 128, 129, 132, 165, 166, 170 

- aortic aneurysm, 192-193 

- arcus aortae and apertura thoracis 
superior, 188-189 

- bony landmarks, 171 

- cavitas pericardiaca, 180-181 

- coarctation of aorta, 190-191 

- connective tissue space of, 9 

- dorsal view, 85 

- inferior view, 130 

- lateral view, 132 

- location and projection of 
diaphragma, 72-73 

- mediastinum posterior, 184-185 

- mediastinum superius, 186-187 

- organs in situ 

- anterior view, 176 

- posterior view, 178-179 

- overview and diaphragma, 70-77 

- overview of mediastinum, 
182-183 

- overview of neurovascular 
structures, 78-87 

- posterior view, 132,170 

- superior view, 128 

- surface anatomy, 170 

- topographical regions, 171 
-wall,23,130, 131,132, 133, 151, 

154, 173, 174-175 

- anterior, 174-175 

- arterial supply, 78 1 

- electrocardiographic leads, 109 

- expiratory position, 23 f 

- innervation, 65 

- inspiratory position, 23 f 

- nodi lymphoidei, 84, 84f, 149 

- posterior, 178, 162 

- projection of aa. and vv. 
pulmonales on, 143 

- projection of cor and great 
vessels on, 78 

- projection of thymus on, 168 

- projection of valvae cordis on, 
101 

-vasa lymphatica, 83 f, 149 f 
-venous drainage, 80, 80t 
Thymocytes, 168 
Thymopoietin, 168 
Thymosin, 168 
Thymulin, 168 

Thymus/i, 56 f, 59, 60 f, 70 1, 71 f, 90 f, 
168-169, 176 f, 177f, 182, 182f, 
186, 186f 

- development, 59t 

- fact sheet, 420 

- histology, 168 

- in adolescence, 168 

- in old age, 168 
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- involuted, 182 

- neurovascular supply, 400 
-size and shape, 169 
Thyroid gland. See Gl. thyroidea 
Thyroid hormone, 61 t. See also 

Thyroxine; Triiodothyronine 
Thyroid-stimulating hormone (TSH). 

SeeThyrotropin 
Thyrotropin, 63t 
Thyroxine (T 4 ), 63t 
Tissue, defined, 2 
TME. See Total mesorectal excision 
Tonsilla/lae, 28 

- development, 59t 

- lingualis, 56f, 158f 

- palatina, 56f 

- pharyngealis, 56f 
Topographic regions 

- abdomen and pelvis, 351 
-thorax, 171 

Total mesorectal excision (TME), 
241,372 
Trabecula/ae 

- carneae, 94, 95f, 96, 96f, 97, 97f, 
101 

-in thymus, 168,168f 

- septomarginalis, 96, 96f, 101 f, 
108, 108f 

- splenicae, 255 
Trabeculated bladder, 330 
Trachea/ae, 2f, 22, 22f, 23, 23f, 25f, 

26f, 27, 27f, 31f, 70, 70t, 71,71f, 
78 f, 7St, 79, 81 f, 83f, 84, 84f, 85f, 
87f,90f, 103f, 124f, 125f, 130f, 
134-135, 140f, 142f, 144, 144f, 

145 f, 148f, 149 f, 152 f, 154f, 1 55, 
156f, 157, 157f, 160, 161f, 162f, 
165, 165f, 169f, 176f, 177, 179, 
179f, 182, 182f, 183, 184f, 185, 

185f, 186f, 187f, 188f, 189f 

- anterior view, 23,134 

- autonomic innervation, 148 

- autonomic neurons, 24f 

- cartilage, 24f 

- development, 24, 25 

- development of, 24-25 

- epithelial lining, 24f 
-fact sheet, 424-425 

- lymphatic drainage, 149 

- neurovascular supply, 404 

- posterior view, 134 

- projected onto neck and thorax, 
134 

- shape and structure, 134 

- smooth muscle, 24f 
-wall structure, 135 
Tracheoesophageal fistula, 27,157 
Traction diverticulum, 161 
Tractus/us 

-effluxionis, 15,15f, 16, 19, 21 
-influxionis, 15,15f, 17 
Transbrachial approach, coronary 
angiography, 118 

Transesophageal echocardiography 
(TEE). See Echocardiography, 
transesophageal 

Transfemoral approach, coronary 
angiography, 118 
Transformation zone, 322 

- closed, 321,321 f 

- open, 321,321f 


Transitional cells, 297f 
Transmural veins, 113 
Transrectal trephine biopsy, 331 
Transrectal ultrasound (TRUS), 320, 
331 

Transthoracic echocardiography 
(TTE). See Echocardiography, 
transthoracic 

Transvers-UM, sept-UM, 7f 
Transvesical sonography, 330 
Treitz 

- hernia, 224 

- ligament of. See Lig. suspensorium 
duodeni 

Trias/ades, hepatica, 245, 246, 247. 
See also Arteria hepatica propria; 
Ductus hepaticus communis; Vena 
portae hepatis 
Tributary region, of group of 
primary nll., 59 
Trichomonas, 320t 
Tricuspid valve. See Valva 
tricuspidalis 

Triglycerides. See also Fats; Lipids 
-transport by lymphatic system, 56 
Trigonum/a 

- clavipectorale, 171 f 
-femoris, 351 f 
-fibrosa, 99 

-fibrosum, dextrum, 99,108 
-lumbale, 171f,351f 

- lumbocostale, 72f, 73f, 75f 

- sternocostale, 73f, 75f, 75 1 
-vesicae, 295f, 296, 297, 297f 
Triiodothyronine (T 3 ), 63t 
Trochanter/res, major, 351 f 
Trophoblast, 326f 

Tropic hormone, 62f 
True conjugate. See Conjugata vera 
obstetrica 
Truncus/i (arterial) 

- arteriosus, 15,15f, 16, 16f, 19 

- brachiocephalicus, 13f, 70 1, 7Sf, 

7St, 82f, 87f, 88f, 90f, 92f, 93, 93f, 
124 f, 126 f, 129 f, 130f, 131f, 143f, 

144f, 162 f, 166 f, 169 f, 176 f, 180f, 
185f, 186f, 187f, 188, 188f, 189f, 

190f 

- coeliacus, 13 f, 77f, 82f, 84f, 162f, 
172 1, 198f, 202f, 203f, 203 1, 204f, 
205f, 205 1, 206f, 209, 224f, 243f, 
249f, 252f, 256, 256f, 257f, 258, 
258f, 259f, 261 f, 263, 266f, 267f, 
273f, 276, 283f, 291 f, 292f, 302f, 
303f, 353 1, 361 f, 364, 364f, 365f, 
367, 367f, 377f, 378f, 401 f, 406f, 
407 f, 408 f 

- branches supplying gaster, 
hepar, vesica biliaris, 256-257 

- branches supplying pancreas, 
duodenum, splen, 258-259 

- distribution, 259 

- projection on columna 
vertebralis, 257 

- variations, 257 

- gastropancreaticocolicus, 267 f 
-pulmonalis, 16, 19, 20, 20f, 21, 

21 f, 70t, 78, 78 f, 87f, 88f, 90 f, 91, 
91 f, 92, 92 f, 93, 94f, 96, 96 f, 97f, 
100, lOOf, 103, 107f, 108f, 111, 

111 f, 112f, 113f, 120, 120f, 126f, 


129f, 131f, 142, 142f, 143, 143f, 

173f, 180f, 181f, 185,185f, 188f, 
190f,404f 

-thyrocervicalis, 78 1, 144, 162f, 

162t, 184f, 189f, 401 f 
Truncus/i (lymphatic) 

- bronchomediastinalis, 58, 58t, 76, 
82f, 83f, 124, 125, 149, 164, 165, 
273, 401 f, 402f, 403f 

- dexter, 83,148f, 149f, 400f, 

404f, 405f 

-sinister, 82, 83, 148f, 149f, 400f, 
404f, 405f 

- coronarius 
-dexter, 125,125f 

- sinister, 125,125 f 

- intestinalis, 58, 58f, 58t, 212f, 213, 
213f, 214, 214f, 215f, 273, 274, 
275, 406f, 407 f, 408 f, 409 f, 41 Of, 
411f 

-jugularis, 58, 58t, 82, 82f, 149, 

164, 165, 401 f 

- dexter, 83 f 

- sinister, 83 f, 84 f 

- lumbales, 58, 58f, 58t, 76, 82 f, 

212f, 213, 213f, 214, 215, 273, 

275, 306, 307, 307 f, 404 f, 405 f, 
417 f 

- lumbalis 

- dexter, 215 f, 414 f, 416 f 
-sinister, 214f, 215 f, 413 f, 414f, 

415f, 416f 

- lymphatici, 56, 56 f, 57, 58, 58t, 82 

- lymphaticus, abdomen and pelvis, 
212-213 

- subclavius, 58, 58t, 82, 82 f 

- dexter, 83 f, 148 f 

- sinister, 83 f, 148 f 
Truncus/i (nervous) 

-encephali, 64f, 65, 86, 167 

- lumbosacralis, 346f, 348f 

- sympathicus, 64 f, 70, 86, 86 f, 87, 
87f, 89f, 126, 126f, 127f, 130f, 
133f, 167 f, 172 1, 178 f, 182, 183, 

183f, 184, 184f, 187 f, 216 f, 217 f, 
218, 218 f, 236 f, 276 f, 278 f, 280f, 
308f, 309f, 346f, 347f, 348f, 349f, 
381f,400f,401f,402f,404f 

- vagales, 86 f, 167 f, 217, 276, 277, 
278, 279, 281,406f 

-vagalis 

- anterior, 87, 87 f, 89 f, 130 f, 166, 
166 f, 167, 167 f, 172 1, 177 f, 181, 
181f, 184f, 216, 276, 276f, 277f, 
279 f, 308 f 

-posterior, 87,166,167, 167f, 

172t, 178f, 181f, 184f, 216, 216f, 

276, 276 f, 277 f, 278 f, 279 f, 280 f, 
308, 308f, 309, 309f, 408f, 409f, 

41 Of, 413f, 417f 

Truncus/i (venous), 
gastropancreaticocolicus, 266f, 
267, 267f, 268f, 269f, 364f, 365f, 
368f, 369f 

TRUS. See Transrectal ultrasound 
TTE. See Echocardiography, 
transthoracic 
Tuba/ae 

- uterina, 42, 46t, 48, 50f, 50t, 51, 

51 f, 53f, 54t, 55, 55f, 200t, 207, 

215f, 283f, 294f, 31 Ot, 311f, 312, 


312f, 313f, 314, 314f, 31 5, 316f, 
320, 320f, 324, 324f, 325, 326, 

326f, 340, 340f, 342, 342f, 343f, 
345f, 348, 349, 349f, 378f, 383, 
384f, 385, 385f, 388f, 389f, 390, 
390f, 395f 

- autonomic innervation, 349 

- cross section, 315 

- development, 51 

- fact sheet, 442-443 

- neurovascular supply, 416, 417 

- primordia of, 51 f 
Tubal pregnancy, 326 
Tuber/ra 

- endocardiaca, 16, 16f, 18, 18f, 19 

- ischiadicum, 351 f, 396f 
Tuberculosis, 85 
Tuberculum/la 

- corniculatum, 158f 

- cuneiforme, 158f 

- genitalia, 48, 52f, 53f, 54t, 55f 

- iliacum, 352 

- labioscrotalia, 48, 52f, 53f, 54t, 55f 

- majus, 171 f 

- minus, 171 f 

- pubicum, 327f, 351 f 

- sinuale, 50f, 50t, 54t 
Tubular system, 44 

- of nephronum, 40, 40f 
Tubule, of kidney. See Tubulus 

metanephricus 

Tubulus/i 

- colligens, 287, 287f 

- mesonephrici, 42, 42f, 48f, 49, 

49f, 50f, 50t, 51 f, 52f, 54t 

- metanephrici, 43, 286, 287 

- metanephricus 

- distalis, 44f, 286f, 287 

- proximalis, 44f, 286, 286f, 287 

- sigmoideus, 44 

- seminiferi, 49, 52f, 53, 54t, 332, 
333 

- seminifer, rectus, 333 
Tubus/i 

- laryngotrachealis, 25, 25f 

- neuralis, 4, 4f, 4t, 6f, 14f, 15f 
Tumors 

- lower rectum, 269, 270 

- metastasis to nodi lymphoidei, 57, 
84, 274, 275 

- myometrium, 316 

- ovarian, 324 

- pancreas, 225 

- pancreatic, 252, 258 

- penile, 344 

- prostatic, 329 

- rectal, 233 

- resection, 274 

- testicular, 344 

- upper rectum, 269, 270 

- uterine, 345 
Tunica/ae 

- adventitia, 11,11 f, 29, 29f, 223 
-coli, 223,231 

- ductus deferentis, 334f 

- duodeni, 223 

- oesophagi, 157, 159f, 160, 160f, 

164f, 221,222f 

-tracheae, 135f 

- ureteris, 289f 

- uteri, 316t 
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-vesicae urinariae, 301 f 

- albuginea, 49, 49f, 50f, 52 f 

- corporis spongiosi, 300 f 

- corporum cavernosorum, 300f 

- ovarii, 324, 325 f 
-testis, 332,333 f 

- dartos, 332 f 

-fibromusculocartilaginea, 135f 

- intima, 11,192 

- media, 11, 11 f, 192 

- mucosa, 29, 29f, 67f, 280 f 

- appendicis vermiformis, 231 f 

- bronchi, 135,135f 

- canalis cervicis uteri, 320 

- coli, 231 

- ductus deferentis, 334 f 

- duodeni, 224, 224f 

- gasteris, 221,223 f 
-ilei, 226, 226f, 231 
-jejuni, 226, 226 f 

- oesophagi, 158, 159,160,160f, 
161,163, 164f, 167f 

-tubae uterinae, 315, 315f, 326 

- ureteris, 289 f 

- uteri, 315f, 316 1, 317f, 318 f. See 
also Endometrium 

-vaginae, 319 
-vesicae biliaris, 250 
-vesicae urinariae, 297, 301 f 

- muscularis, 29, 225, 280 f 

- appendicis vermiformis, 228t, 

231 f 

-caeci, 230, 230f,231 
-coli, 228t,231f 

- ductus deferentis, 334 f 
-duodeni, 224f,225f, 251 f 
-gasteris, 222,223,223 f 
-ilei, 226f, 230f, 231 
-jejuni, 226 f 

- oesophagi, 158, 159f, 160, 160f, 
164f,222f 

- recti, 233 f 

- tubae uterinae, 315, 315f 

- ureteris, 289, 289f 

- uteri, 315f, 316t, 317f, 318f, 

343 f. See also Myometrium 
-vesicae urinariae, 301 f 

- serosa, 4, 9, 29, 29f, 67f, 70, 76, 
77,280 f 

- appendicis vermiformis, 231 f 
-coli, 228 1, 231,231 f 

- duodeni, 225 f 
-gasteris, 221,223, 223 f 
-ilei, 231 

- laminae parietalis pericardii, 90 

- laminae visceralis pericardii, 90 

- tubae uterinae, 315, 315 f 

- uteri, 316t, 318f, 319f 

- submucosa, oesophagi, 161 
-vaginalis, testis, 332, 333t 
Type I receptors, 61 

Type II receptors, 61 
Type III receptors, 61 
Tyrosine kinase, 61 

u 

Ulcerative colitis, 240 
Ulcus/era, ventriculi, 223 f. See also 
Gastric ulcer 

Ultrafiltration, 44, 57, 286 


Ultrasound 

- B-mode, 104 

- cardiac. See Echocardiography 

- prostatic. See Transrectal 
ultrasound; Transvesical 
sonography 

Umbilical fistula, 39, 39 f 
Umbilicus/i, 20f, 39f, 174f, 231 f, 

350f, 352f, 353, 353t, 382 f 
Urachus/i, 296, 354f, 358f, 359f, 
382, 385f, 392 f 

Ureter/res, 2f, 40, 40f, 42f, 44f, 45, 
45f, 50, 50t, 51,53f, 54t, 200, 

200f, 200 1, 207, 208f, 232f, 282, 
282f, 283, 283f, 284, 285, 285f, 
286f, 288, 288f, 289, 289f, 290f, 
291 f, 294f, 295f, 296, 296f, 300f, 
302, 302f, 304f, 306, 307f, 308, 
309f, 311f, 314, 314f, 328, 328f, 
330, 334f, 335f, 338f, 340, 340f, 
341 f, 342f, 343, 343f, 374f, 375, 
376, 376f, 378f, 379f, 380f, 384f, 
387f, 389f, 390, 390f, 391,391 f, 
392f, 393f, 394f, 395 f 

- anatomical constrictions, 293, 

293 f, 297 

- autonomic innervation, 309 

- bifidus, 45 

- congenital anomalies, 292 

- course in abdomen and pelvis, 292 

- development, 42-43 

- development of, 43 

- dexter, 285 

- ectopicus, 45 

- fact sheet, 438 

- in situ, 292-293 

- location of, 41 

- lymphatic drainage, 306 

- neurovascular supply, 413 

- relationship to a. uterina, 343 
-venous drainage, 208 

- wall structure, 289 
Ureteral colic, 293 

Ureteral stones. See Urinary calculus 
Ureteropelvic junction, 293 
Ureterovesical junction, 293 
Urethra/ae, 39f, 40, 42, 46t, 48, 

219, 295, 296, 311,330f, 395f 

- development of, 44 

- fact sheet, 440 

- feminina, 37 f, 40, 41,41 f, 45f, 47, 
53f, 54t, 206f,296f,311f,319f 

- location of, 41 

- lymphatic drainage, 307 

- masculina, 2 f, 40, 40f, 41,41 f, 42f, 
45 f, 46 1, 47, 52 f, 54 1, 296 f, 300, 
301,31 Ot, 311f, 328, 328f, 330, 
334,334f 

- constrictions, 300t 

- infrapubic curve, 300, 301 f 

- location in penis, 300 

- longitudinal section, 300 

- prepubic curve, 300, 301 f 

- relationship to prostata, 329 

- structure, 300t 

- masculinae, expansions, 300t 
Urethral stones. See Urinary calculus 
Urethritis, 301 

Urethrovaginal fistula, 301 
Urie acid, 293 


Urinary calculi, 288, 293, 293 f, 309. 

See also Staghorn calculus 
Urinary system. See also Systema 
urinarium 

- aa. and vv. of renes, 302-305 

- autonomic innervation, 308-309 

- development of nephrona, 44 

- development of renes, pelves 
renales, and ureteres, 42-43 

- developmental anomalies, 45 

- functional anatomy of continence, 
298-299 

- lymphatic drainage, 306-307 

- overview, 40-41,311 

- pelvis renalis and urinary 
transport, 288-289 

- ren architecture and 
microstructure, 286-287 

- renes in situ, 282-283 

- renes: location, shape, and 
structure, 284-285 

- ureteres, 292-293 

- urethra, 300-301 
-vesica urinaria, 294-295 
Urinary tract infections, 301 
Urine, 40. See also Final urine; 

Primary urine; Final urine; Primary 
urine 

-transport, 289 
Uroflowmetry, 330 
Urogenital organs. See Genital 
system; Urinary system 
Urogenital ridge. See Crista 
mesonephrica 
Urothelium/a, 297 
Uterine adnexa. See Ovarium; Tuba 
uterina 

Uterus/ri, 37 f, 39f, 41,42, 46, 46t, 
50f, 50t, 53 f, 54 1, 200, 200t, 207, 
215f, 229, 282, 283, 283f, 294, 

31 Ot, 311,311f, 312, 312f, 313f, 
314, 318f, 324, 338,341,342, 
343, 343f, 345, 345f, 348, 349, 
349f, 378, 383, 384f, 385, 386f, 
387 f, 388, 388f, 389f, 390, 390f, 
394, 395 

- arterial supply, 341 

- autonomic innervation, 349 

- coronal section, 320 

- curvature and position, 318 

- development of, 51 

- duplex, 51 

-epithelial regions, 320-321 

- fact sheet, 442-443 
-flexion of, 318t 

- levels during pregnancy, 326 

- midsagittal section, 318 

- neurovascular supply, 416 

- normal position, 388 

- parasympathetic effects, 219t 

- position in pelvis, 318 

- postpartum involution of, 327 

- septatus, 51 

- shape and structure, 315 

- suspensory apparatus, 388-389 

- sympathetic effects, 218t 

- version of, 318t 
Utriculus/Ii, prostaticus, 50f, 50t, 

54t, 55f, 297 f, 329 
Uvula/ae, vesicae, 295f, 301 f 


V 

Vagina/ae, 37f, 39f, 41,45f, 46t, 

50f, 53f, 54t, 55 f, 2001, 206f, 215 f, 
310t, 311f, 312, 312f, 313, 316f, 

318, 318f, 319f, 320f, 338, 341, 
349f, 384f, 387f, 389f, 394, 395 f 

- arterial supply, 341 

- atresia, 51 

- autonomic innervation, 349 

- defense mechanisms and 
dysfunctions, 320, 320t 

- development of, 51 

- duplex, 51 

- during childbirth, 327 
-fact sheet, 441 

- location in diaphragma pelvis, 319 

- location in pelvis, 319 

- lymphoidea, periarteriolaris, 255f 

- musculi recti abdominis, 74f, 174f 

- neurovascular supply, 416 

- posterior view, 319 
Vaginal atresia, 51 
Valva/ae 

- aortae, 19, 71 f, 97, 97 f, 98, 98f, 

99 f, 100, 101f, 104, 104f, 105, 

105f, 107f, 110, 111, 112, 118, 
119f, 120, 177 f, 188 f 
-atrioventricularis, 16, 98, 99,100, 
101,110 

- dextra, 96, 96f, 98, 98 f, 99f, 101, 
111. See also Valva tricuspidalis 
-sinistra, 97, 97f, 98, 99f, 101, 
111. See also Valva mitralis 

-cordis, auscultation of, 101 
-mitralis, 16, 98, 101f, 104, 104f, 
105,107f 

-tricuspidalis, 16, 99 f, 101 f, 

105,105 f, 107 f. See also Valva 
atrioventricularis dextra 
-trunci pulmonalis, 19, 96, 96f, 
98,98f,99f, 100, 101f, 105, 105f, 
110,111.188f 
-venosa, dextra, 17 
Valve pneumothorax, 151 
Valvul a/ae 
-anales, 233, 233f 
-foraminis ovalis, 97, 97 f 

- semilunaris, 100 

- anterior, 98 f, 99f, 10Of 

- dextra, 98 f, 99 f, 100f, 105,120, 

120f, 121 

- non coronaria, 105,120,120 f, 
121 

- posterior, 98 f, 99 f, 100 f, 105 

- sinistra, 98f, 99 f, 10Of, 105, 120, 
120 f, 121 

- sinus coronarii, 96, 96 f 
-venae cavae inferioris, 96, 96 f 
-venosa, 10f 

Valvular insufficiency, 100 
Valvular stenosis, 100 
Varicocele, 303, 335, 339 
Vas/sa 

-capillare, 11, 11 f, 12, 27, 27f, 28, 
57 

- deferens. See Ductus deferens 

- lymphatica, in thorax, 82-83 

- lymphaticum, 9,10f, 28, 29, 56, 
56f, 57, 57f, 212, 274 

- development, 59, 59t 
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- in cardiac wall layers, 124 

- of female genitalia, 345 

- of male genitalia, 344 
-oftrachea, bronchi, and 
pulmones, 149 
-vesicae urinariae, 307/ 

-lymphocapillare, 10, 28, 56/ 57 
-pericardiacophrenicum, 131/ 

- privata, 146, 404/ 

- publica, 146, 404f 

- recta, 260, 261 1 

- sanguinea, exchange, 11 / 

- sanguineum, 9,11,29 

- capacitance, 11f 

- pulse dampening, 11f 

- resistance, 11f 
-wall structure, 11 

-testiculare, 292f 
-vasorum, 11/ 

Vascular bundle, 153 
Vasopressin, 63, 63t 
Vater, papilla of. See Papilla duodeni 
major 

Vein, 10. See also Vena 
Vena/ae, 67f 
-anterior, 143t 

- apicalis, 143t 

- appendicularis, 209/, 269/ 369/ 
410 / 

- arcuata, 286 f, 287/ 

-atrialis, 113f 
-axillaris, 13f, 21 Of 

-azygos, 13 f, 17f, 17t, 70, 70t, 71f, 
77, 77f, 81,80, 80/ 80t, 81 f, 82f, 
85f, 89, 89f, 130f, 133f, 144, 144f, 

145f, 152f, 157f, 162t, 163,163f, 
172t, 177f, 178, 178f, 179,179f 
182,182f, 184, 184f, 185, 185f, 
207, 207f,210f,211,211f,401f, 
404f 405f, 414f 

- basalis 
-anterior, 143t 
-communis, 143t 

- inferior, 143t 
-superior, 143t 

- basilica, 13f 

- brachialis, 13f 

- brachiocephalica, 13f, 17f, 70t, 80, 
80f, 80t, 81 f, 82f, 84, 88f, 129f, 
143f 144, 144f, 163f, 169, 176f 

177f, 185,185f, 401 f, 403f, 405f 
4211 

- dextra, 84f, 124f, 131 f, 163f, 

169 / 173f, 180 f, 182 f, 185/, 186f, 

187/, 188/, 189/, 210/, 400/ 
-sinistra, 71/, 124/, 131/, 162t, 

163/, 173/, 180/, 182/ 185/, 186/, 
187/, 189/210/400/ 

- bronchiales, 80t, 142,144,144/, 
146,404/ 

- bulbi, penis, 339 

- caecalis, 268/, 269/ 368/, 369/ 

- anterior, 410/ 

- posterior, 410/ 

-capsularis, 302 

- cardiaca 

- magna, 92,112,113/113t, 402/ 

- media, 112,112/ 113/113t, 
402/ 

- parva, 112,112/, 113/ 113t, 

402/ 


- cardiacae, 93 

- divisions of, 113 
-minimae, 112 

- cardinales, communes, 6, 6/ 7, 
15/, 17,17/ 17t 

-cardinalis 

-anterior, 15,17, 17/, 17t 
-caudalis, 15/ 

- cranialis, 15/ 

- posterior, 15,17/ 17t 
-cava, 80-81,91,93,111/, 142, 

143, 157 

- inferior, 7/ 1 Of, 13/, 17,17/ 17 1, 
20, 20/, 21/32,41/59, 73,75/, 
77, 77/ 80, 80/, 81/, 85/, 90/, 91/ 
92/ 93, 93/, 94/ 95/, 96/ 97/ 
111,112/ 120/, 133/, 142/ 143/, 
145/ 152/ 157/ 172t, 179/ 180/, 
181/, 184/ 202/ 206-207, 206/ 
207/208,210,210/211,211/ 
212,215/, 220/, 224/ 225/, 243, 
243/, 244/ 245/, 246, 246/ 249/, 
252/ 254/ 256/ 258/ 260/, 264/ 
266, 267/ 268, 268/, 269, 269/ 
270/ 271,272/, 273/ 282/ 283/, 
284/ 285, 291,291/, 292/ 293/, 
302, 302/ 303, 303/ 305, 305/ 
306, 306/ 307, 326, 335, 339, 
340, 341/ 342, 342/ 344, 345, 
345/ 353t, 356/, 360/ 361/ 362/ 
363/ 364, 364/, 365/ 366/ 367/ 
368/ 369/, 374, 374/ 376/, 377/ 
378, 378/ 379, 379/ 380/ 381/ 
405/ 406/ 412/413/414/ 415/ 
416/417/ 

- sinistra, 305, 305/ 

-superior, 6, 6/, 10/ 13/ 17,17/ 
17t, 20, 20/ 21/ 70, 70t, 78/, 80, 
80/ 80t, 81/, 82/, 84/, 85/ 88/ 
90/ 91 / 92/ 93, 93/, 94/, 95/, 96/, 
102/ 103/ 107/ 108/, 111,112/ 

124/, 125/ 126/, 128/, 129/ 131/, 
142/, 143/, 144,144/ 145/ 157/ 
163, 163/, 169,169/ 173/, 176, 
176/, 179/ 180/, 181/ 182,182/ 
185,185/ 186/ 207,210,210/ 

211,211/ 400/, 401/, 403/, 404/ 
405/414/ 

- cavalis, inferior, 268/ 

- centrales, 247, 290/ 

-cephalica, 13/ 

- circumflexa 

- ilium profunda, 206/, 382/ 

- ilium superficialis, 210/ 

- coli, dextra superior, 267 

- colica 

- dextra, 208t, 209/ 266/, 267, 
267/, 268/, 269/ 364/ 365/, 368/, 
369/410/ 

- dextra superior, 267/ 

- media, 208t, 209/, 227/ 254/ 
266/, 267, 267/ 268/, 269/ 355/, 
361/ 364/ 365/, 368/, 369/ 410/ 

- sinistra, 208t, 209/ 225/ 252/ 
269, 269/ 363/ 369/, 374/ 376/, 
377/411/ 

-colicae, 211,211/ 

-cordis, 112-113,112 

- corticalis, radiata, 287/ 

- cremasterica, 335/ 


- cystica, 208t, 209/, 268/ 368/ 
406/ 

-dorsalis 

- profunda clitoris, 319/ 

- profunda penis, 299/ 300/ 335/ 
338/ 339 

- superficialis penis, 300/ 

- ductus deferentis, 335/ 382/ 383/ 

- epigastrica 

-inferior, 206/ 210/, 211/ 227/, 
292/ 335, 335/, 354/ 355/, 358/ 
359/ 382, 382/ 383/ 385/, 391/ 
392/ 

-superficialis, 210/ 211 
-epigastricae, superiores, 172t, 
174,174/ 210/211,211/ 
-femoralis, 13/ 206/ 210/, 307/ 
335/, 382/ 383, 383/, 394/ 396/ 

- gastrica, 163/ 266, 364 

- dextra, 208t, 209/ 211/ 266/ 
267/ 268/, 269/, 364/ 365/, 368/, 
369/ 407/ 

- sinistra, 163,163/, 208t, 209/ 
211/ 266, 266/ 267/ 268/, 269/ 
364/ 365/ 368/ 369/, 378/ 401/ 
407/ 

- gastricae, breves, 208t, 209/ 266/ 
267/ 364/ 365/ 

- gastroomentalis 

- dextra, 208t, 209/ 266/ 267, 
267/ 364/, 365/ 407/ 

- sinistra, 208t, 209/ 266/ 267/ 
364/ 365/, 407/ 

- glutea 

- inferior, 206/, 270/ 338/ 339, 
341/ 

- superior, 206/ 270/, 338/, 339, 
341/ 

- hemiazygos, 70, 701, 77, 77/ 80, 
80/ 81/ 82/ 89, 89/ 130/ 133/, 
144/, 145/, 162t, 163,163/, 172t, 

177/ 178/, 179, 179/, 183,183/, 
184,184/207,207/210/211, 

211/401/404/405/, 414/ 

- hepatica 

- dextra, 244/ 

- intermedia, 244/ 

- propria, 246/ 

- sinistra, 244/ 

- hepaticae, 1 0f, 13/, 20/, 80/, 206/, 
207/ 207t, 225/ 243, 244, 246/ 
249/ 252/, 266, 267/ 363/, 364, 
364/ 365/, 374/ 376/ 377/, 380/, 
406/ 

- ilealis, 208t, 209/, 268/, 368, 368/, 
409/ 

- ileocolica, 208t, 209/, 268/, 269/ 
368/369/409/410/ 

-iliaca, 208,212,269 
-communis, 13/, 80, 80/, 198/, 
206, 206/, 207, 207/ 207t, 210, 
210/ 211/ 270/ 307/, 342/ 353t, 
374/ 376/, 378/, 384/, 393/, 395/, 
412/414/416/ 

-externa, 13/206/210/211, 
232/ 292/ 293/, 294/, 313/, 335/, 
338/ 340/ 342/ 343/, 378/ 387/ 
390/, 391/ 393/, 395/ 


- interna, 13/, 206/ 211,270, 271, 
292/ 338, 338/ 339, 340, 340/, 
341,341/, 342, 342/ 343/, 387/ 
391/393/412/414/, 416/ 

- iliolumbalis, 381/ 

- intercostales 
-anteriores, 80t 

- posteriores, 80/, 80t, 81/163/ 
-supremae, 80t, 81/ 

-intercostalis, 133/, 174,174/, 178/, 
182/ 183/, 184 

- interlobaris, 286/, 287/ 

- interlobularis, 247, 247/ 

- interventricularis 

- anterior, 92, 112/ 113/, 113t, 
402/ 

- posterior. See V. cardiaca media 
-jejunalis, 208t, 209/ 268/, 368, 

368/, 409/ 

-jugularis 

-externa, 13/, 80t, 81/, 163/ 

- interna, 13/, 56, 56/ 78/ 80/ 

80t, 81/, 82, 82/ 83, 83/, 84, 84/, 
85/88/ 124,125,125/ 129/, 

131/, 143/, 145/, 148/, 149,157/ 

163/, 169/ 173/ 176/ 179/ 184/, 

185/, 186/ 189/213, 400/, 401 /, 
404/, 405/ 

- laryngea, superior, 158/ 

- lingularis, 143t 

- lobi medii, 143t 

- lumbales, ascendentes, 75, 77/ 

80, 80/ 81/ 82/ 206/ 207, 207/ 
210/211,211/283/414/ 

- lumbalis, 80, 80/, 81/, 206/, 207t, 
210/268, 269, 292/ 

- marginalis 

- dextra, 112/113/113t 
-sinistra, 112/ 113/, 113t 

- mediastinales, 80t 

- mesenterica 

-inferior, 13/, 208, 208/, 208t, 
209/211,211/235, 241,266, 
266/, 267, 267/ 268, 268/, 269, 
269/ 270, 270/, 283/ 338/ 341, 
365/, 368/, 369/ 378/, 392/, 406/, 
411/412/ 

- superior, 13/ 163/ 208, 208/ 
208t, 209/ 211,211/, 224/ 225/, 
249/ 252, 252/, 253/ 258, 258/, 
266, 266/ 267, 267/ 268, 269, 
269/ 363/, 364/ 365/, 366/ 368/, 
369/ 374/, 376/ 377/ 378/, 380/ 
406/407/, 408/, 409/410/ 

- mesentericae, 208, 209, 274, 366/ 

- musculophrenica, 80t, 405/ 

- obturatoria, 206/, 270/, 338/, 339, 
340/ 341/, 342/ 382/ 383/ 387/ 

- oesophageales, 163, 209/, 211, 
211/ 266/, 267/ 364/ 365/, 401/ 

- to v. azygos, 80t, 162t, 163/ 

-to v. brachiocephalica sinistra, 
80t, 1 62t, 163/ 

- to v. gastrica sinistra, 162 1, 163/ 
-omphalomesenterica, 15/ 

- ovarica 

- dextra, 207/, 207t, 283/, 291/, 
302/ 340, 340/ 342, 378/ 417/ 

- sinistra, 207/ 207t, 267/ 283/, 
302, 303, 340, 342/, 343/, 365/, 
378/417/ 
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- ovaricae, 13/ 80/ 206/ 293/ 

294f, 303/ 314/ 324, 324f, 340, 
342, 342/, 390f, 391 f, 395/ 

- pancreaticae, 208t, 209/ 267, 

408f 

- pancreaticoduodenalis, 208t, 209/ 
266/, 267, 267/, 268/, 269/ 364/ 
365/ 368/ 369/ 408/ 

- paraumbilicales, 208t, 210,211, 
211/382/ 

- pericardiacae, 80t 

- pericardiacophrenicae, 70t, 77/, 
80t, 90/, 124/ 131,133/, 169/ 
175,175/ 176,176/ 180/ 182, 

182/ 183, 183/ 184/ 185/ 186/ 
403/, 405/ 

- periumbilicales, 210/, 211/ 

- phrenica 

- inferior, 77, 206/ 207, 207/ 

207t, 283/, 291/ 292/, 302, 302/ 
303/ 405/ 

- superior, 77, 80t, 405/ 

- poplitea, 13/ 

- portae hepatis, 10/12,13/17/ 
17t, 20, 20/28, 163,208-209, 
208/209/210,211,211/235, 
243, 243/ 244, 244/ 245, 245/ 
246, 246/ 247, 247/ 248/ 249t, 
256, 256/, 258/, 260/, 266, 266/ 
267, 267/ 268, 268/, 269, 269/ 
270/ 271,272/ 291/ 363, 363/ 
364, 364/ 365/, 366/, 367/, 368/, 
369/ 374/, 376/ 378/, 380/, 401/, 
406/ 407/ 408/ 409/ 410/411/ 
412/ 

- posterior, 143t 

- prepylorica, 208t, 266/, 364/ 407/ 

- profundae, penis, 339 

- pudenda 

- externa, 335/ 

- interna, 206/ 232/ 270, 270/ 
338/ 339, 340/ 341/ 396/ 412/ 

- pulmonales 

- dextrae, 90, 90/ 91/ 93/ 95/ 
96/ 112/ 129/ 131/ 137/ 142/ 
143, 143/, 143t, 145/, 157,157/ 

173/ 178/ 179/ 180/ 181/ 182/ 

185/ 404/ 

-divisions of, 142 

- sinistrae, 90, 90/, 91/, 92/ 93/, 
94/ 95/ 96/ 97/ 142/ 143, 143/ 

143t, 145/ 157, 157/ 173/ 178/ 

179/ 180/, 181 /, 183,183/, 404/ 

- pulmonalis, 10,10/ 17, 20, 20/, 

22, 70, 70t, 78/ 80/ 88, 88/ 91, 
93,97, 107/ 111/ 127, 127/ 131, 
142-143,142, 144, 146, 146/ 

147, 184/ 188/ 

- projection onto chest wall, 143 

- radiographic appearance, 153 
-superior, 97/ 

- radialis, 13/ 

-rectales, inferiores, 211,211/ 235, 
269, 270,270/271,338/339, 
340/341,412/ 

- rectalis, 341 

-media, 206/211,211/235, 

269, 270, 270/ 271,338/ 339, 
340/341,341/412/ 


- superior, 208t, 209/ 211,211/ 
269, 269/ 270, 270/ 271,338/ 
340/ 341,369/ 372-373,412/ 

- renalis, 286/, 288/, 290/, 292/ 

302, 303, 335, 339, 378/ 

- accessory, 305, 305/ 

- dextra, 206/ 207/ 207t, 283/ 
285, 285/ 291/ 302, 303/ 342/ 
413/ 

- sinistra, 13/ 198/ 206, 206/ 
207/, 207t, 224/ 260, 260/, 261, 
261/ 267/ 283/ 291/ 302, 302/ 

303, 303/, 339, 340, 342, 342/ 
365/, 367/ 380/, 413/, 415/, 417/ 

-sacralis 

- lateralis, 206/339, 341/ 

- mediana, 206/ 207/ 207t, 264/ 
270/ 292/ 342/ 

-saphena, magna, 13/ 123 

- scrotalis, posterior, 338/ 339 

- segmenti, 288/ 

- sigmoideae, 208t, 209/ 269, 269/ 
270/369/392/411/ 

-splenica, 13/ 163/ 198/208, 

208/ 208t, 209, 209/ 254/ 255/ 
266, 266/ 267, 267/ 268, 268/ 
269, 269/ 291/ 363/, 364/ 365/, 
366/ 368/ 369/ 374/ 376/ 406/ 
407/408/410/411/412/ 

- subclavia, 13/ 56, 56/ 76/ 78/ 

80/, 80t, 81/, 82/ 83, 83/, 84, 84/, 
85/ 88/ 91/ 124, 125,125/ 129/ 
131/, 143/, 145/, 148/, 149,157/, 

163/, 169/ 173/, 176/, 179/ 182/ 

184/ 185/ 186/ 188/ 189/ 210/ 
211/213,400/401/404/ 
-superior, 143t 
-supracardinales, 305/ 

- suprarenalis, 207, 267/ 283/, 285/ 
290/, 291/ 292/ 302, 303/, 378/ 

- dextra, 206/ 207/ 207t, 291, 
302,302/413/ 

- sinistra, 206/ 207/ 207t, 291, 
302,302/303,365/413/ 

-testicularis, 80/, 292/ 293/, 303/, 
335, 335/ 339, 382/ 383/ 392 f 

- dextra, 207/ 207t, 291/, 302/ 
335, 339,415/ 

- sinistra, 207/ 207t, 267/ 302, 
303,335, 339, 365/415/ 

-thoracica 

- interna, 77/ 80t, 81/, 89/, 130/, 
133/ 144, 175/ 176/ 184/ 186/ 

189/, 210/, 211,211/ 403/, 405/ 
-lateralis, 174/210/211 

-thoracoepigastrica, 210/ 211 

- thymicae, 80t, 400/ 

-thyroidea, inferior, 80/ 80t, 81/ 

144/ 1621, 163/ 169/ 186/ 401 / 
-tibialis 
-anterior, 13/ 

- posterior, 13/ 

-trabecularis, 255, 255/ 
-tracheales, 80t, 144 

- ulnaris, 13/ 

- umbilicalis, 15/ 17, 20, 20/ 32, 
211,245/353,358/382 
-dextra, 17t 

-sinistra, 17/ 17t 

- uterina, 206/, 320/, 340, 340/, 
341,341/342,342/416/ 


- ventriculi dextri, anterior, 112/ 
113/ 113t 

-ventriculi sinistri, posterior, 112/ 
113/, 113t, 402/ 

-vertebralis, 189/ 

-vesicalis, 206/ 339, 340, 340/ 
341,341/342/392/414/ 

- inferior, 338/ 

- superior, 338/ 

- vitellina, 17 
-dextra, 17t 
-sinistra, 17/ 17t 

-wall structure, 11/ 

Venous angle, 56, 56/, 58, 58/, 83 
Venous compartment, 11/ 
Ventricular septal defect (VSD), 21 
Ventriculus/i, 95, 98, 99,108,110, 
111, 114, 123/ 

- anterior view, 96 

- cordis, 6/ 

- dexter, 10/, 16,16/ 20, 20/, 21, 
21/ 88, 88/ 89, 89/ 92, 92/ 94, 
94/ 95, 96/ 97,102,102/ 103, 

103/, 104,104/ 105/, 107/ 108/, 
111,111/ 114t, 115,115/ 120/ 
125/, 130/, 142/ 143,144,147, 
177/ 180/404/ 

-inflowtract, 96 

- outflow tract, 96, 100 

- embryonicus, 15,15/ 

- lymphatic drainage, 125 

- sinister, 10/ 11,16,16/ 20, 20/ 
21,21/78,79, 88, 88/89, 89/ 
92, 92/ 93, 93/, 94, 94/ 95, 99/, 
102,102/ 103,103/, 104,104/ 
107/ 111,111/ 112, 112/ 114t, 
115/, 120, 120/, 125/, 128/, 130/, 
142/ 145/, 152/ 157/ 177/ 179/ 
180/ 402/ 404/ 

Venula/ae, 10,12,12/ 

- recta, 287/ 

Version, of uterus, 318, 318t 
Vertebra/ae, 352/ 

-cervicalis, 172 

- lumbalis, 41,72/, 74/, 178/, 198/, 
220/ 224/ 232/ 236/ 252/ 261/ 
282/ 284/ 336/ 346/ 358/ 366/ 
384/ 395/ 

-prominens, 170/ 171/ 

- thoracica, 70/, 128/, 132/ 150/, 
152,172, 172t, 173, 173/ 178, 
178/366/ 

Vesica/ae 

- biliaris, 2/ 28, 28/ 29, 29/ 30, 31, 
32/ 33/, 34/ 35t, 38t, 67/ 200/, 
200t, 203t, 205t, 209, 219, 220/ 
242, 242/, 243, 243/, 244/, 245, 
245/, 246/ 248-249, 248/, 249/, 
249t, 250, 251,256/ 257, 273/ 
276, 276/, 354/ 356/, 359/ 360/, 
361/ 362/ 363/ 366/ 367/ 379/ 
See o/so Collum vesicae biliaris; 
Corpus vesicae biliaris; Fundus 
vesicae biliaris; Infundibulum 
vesicae biliaris 

-arteriesto, 256 

- autonomic innervation, 276 

- fact sheet, 433 

- lymphatic drainage, 273 

- neurovascular supply, 406 

- referred pain, 276 


-topography, 362 
-venous drainage, 208 
-fellea. See Vesica biliaris 

- urinaria, 2/, 36/, 37/, 39/, 40, 40/, 
41,41 / 42, 42/ 43, 43/ 44,44/ 
45,45/ 51,51/ 52/ 53/ 54t, 67/ 
198/, 200, 200t, 201,201/, 207, 
208/212,215/219, 229, 234/ 
282, 282/ 283, 283/, 289, 292, 
292/ 293/ 294-295, 297, 297t, 
298/ 300/ 301/ 307, 307/ 308, 
309/311,311/312,312/314, 
318,319/328,330, 330/334, 
334/ 335/, 338, 340, 342/ 343/ 
344, 344/ 345/ 347/ 349, 372/ 
375, 378, 378/ 382/ 383, 384/ 
385, 385/ 386, 386/, 387/ 388, 
389/ 390, 390/ 391,391/ 392/ 
393/ 394, 394/ 395, 395/ 396, 
397, 397/ 

- arterial supply, 341 

- autonomic innervation, 64/ 309 
-capacity, 296 

- coronal section, 295 

- development, 44 

- fact sheet, 439 

- in male and female, 295 

- lateral view, 296 

- location, 41,294 

- lymphatic drainage, 307 

- midsagittal section, 294 

- musdes of, 296 

- neurovascular supply, 414 

- parasympathetic effects, 219t 

- peritoneal covering, 294 

- superior view, 295 

- sympathetic effects, 218t 

- vascularization, 342-343 
-venous drainage, 208, 339 
-wall structure, 296-297 

- urinariae, catheterization, 300, 

301 

Vesicourethral suspension 
apparatus, 299 
Vesicula/ae 

- metanephricae, 44,44/ 

- urinaria, 289, 302 
Vestibulum/la 

- bursae omentalis, 252/ 360/ 361, 
361/362/ 

- vaginae, 46t, 47, 310 1, 313/319/ 
4411 

Villus/i, intestinales, 225/ 

Virtual colonoscopy, 240 
Visceral branches, arteriae iliacae 
internae, 337 1 
Visceral pain, 67 
Viscerocranium/a, 24 
Visceromotor fibers, 217 
Viscerosensory fibers, 217 
Vitamin A, 240 
Vitamin B 12 , 223 
Vitamin C, 240 
Vitamin D, 40 
Vitamin E, 240 
Voice production, 22, 23 
Volvulus, 39t 
Vomiting, 196 

- antiperistalsis in oesophagus, 160 
Vortex/tices, cordis, 94, 94/ 95/ 
Vulva/ae, 46t, 239/, 31 Ot, 387/ 
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W 

Waldeyer’s fascia. See Fascia pelvis 
parietalis 

Windkessel function, 79 
Wolffian duct. See Ductus 
mesonephricus 


z 

Zenker diverticulum, 161, 161 f 
Zona/ae 

- alba, 235 f. See also Anoderm 

- colorectalis, 234f 

- cutanea, 236 f 


-externa medullae renalis, 287 f 
-fasciculata, glandulae suprarenalis, 
290, 290 f 

-glomerulosa, glandulae 
suprarenalis, 290, 290 f 

- marginalis, 255 f 

- pellucida, 325, 325 f 


- reticularis, glandulae suprarenalis, 
290, 290 f 

- squamosa, 234f 
-transitionalis, 234f 
Zygote, 46, 325 

- migration of, 326 
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